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ABSTRACT

This study identified information requirements for effective management
and conservation of our Coastal Zones, and determined what significant

problem-oriented data could best be provided by space platforms,

Information needs were classified into the major priorities of Pollution,
Fisheries, Hazards to Shipping and Coastlines, and Geography/FHydrology/
Cartography. Experiment requirements and associated missions were inde-

peniently developed for each of these, and for a multi-priority mission.

Optimum and minimum sensor payload groupings and corresn.onding
requirements were developed for each priority, The merit of performing

the selected missions was also established,

The results of the study show that there is a significant need for Pollution
and Fisheries dedicated payloads, For coastal Geography/Hydrology/
Cartography, there are requirements that EOS A/B*“could fulfill and
which will not be provided by other spacecraft in the 1974-76 time frame,
A mission dedicated to the Hazards priority would not provide significant
additional information beyond that currently planned by other spacecraft

programs,

*ThroughOUt the report EOS A/B is referred to as ERTS E/F,
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ERTS E/F STUDY
FINAL REPORT
APPENDIX A

QUANTITATIVE MEASUREMENT REQUIREMENTS
FOR THE REMOTE SPACE OBSERVABLES
AND
SPACE PROGRAMS CONSIDERED

Explanation of Symbols

Solid triangle indicates remote observables that do not relate directly to

phenomena of interest or are of secondary importance to the measurement
of those phencmena.

Open triangle indicates phenomena that are of secondary importance for
the fulfillment of related specific information needs.

Items that are surrounded by a box are measurement requirements that can
be satisfied by other space programs than ERTS E/F, which are expected
to be operational before or during the ERTS E/F time frame.
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Visible and Near IR Spectrometry/Imuying for
Pollution - Pollution Detection and Classification
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Spectral {Spectval | Cround
Range Bandwidth { Resolution] 1. g
Applications (& /H Feet Mite- S l/ﬁ b, .
POLLUTION INSERTION LOCA-
TIONS AND CAUSE
1. Point Sources
Bottom color changes .4-.7 .01 100
Surface foam .4-.7 .03 100
Distribution of isochromes .4-1.34 .01 100
2. Submerged
Color indications on surface .4-.7 .01 182
Atmospheric vapor indications .4-.7] Bd 1
Surface roughness (glitter) .4-.7] Bd 100
3. Surface
Color indications on surface .4-.7 .01 100
Atmospheric vapor indicationd .4-.7| Bd 104
Surface roughness (glitter) .4-.71 Bd 100
4. Atmospheric Fallout
Smog distribution .4-1.Q .05 104
5. River/Estuarine Insertion
Turbid water distribution
(estuarine circulation) 4-.17 .01 300
POLLUTION TYPE
7. Chemical Characteristics
A Persistence (visible
characteristics .4-.7 .01 100
10. Physical Characteristics
Discoloration of receciving :
waters .4-.7 .01 100
12. Natural
Red tides 6-1.2f .03 300
Turbidity 4-.7 .01 300
13. Nonbiological
Sediment patterns (turbidity) .4-.7 .01 300




IR Radiometry/Imaging fov Applies to
Pollution - Pollution Detection and Classification Fig. 1

—

IGround Observation
Resolution| F.O.V. | Accuracy| Frequency

Applications Feet Miles oK Days

POLLUTION INSERTION LOCATIONS AND CAUSE
1. Point Sources

Isothermal mapping 100 25 .5 7
2. Submerged

. Emissivity of surface film 100 25 . 1
” 3. Surface
1 Emissivity of surface film 100 25 .1 1
5. River/Estuarine Insertion
Thermal plume boundary 300 50 .1
; Thermal mixing 300 50 .1
. POLLUTION TYPE
7. Chemical Characteristics
. A Persistence (thermal characteristics) 100 25 .1 3
, 10. Physical Characteristics
; Film emissivity (apparent temperature) 100 25 .1 3
-i 13. Non-Biological :)
1 Thermal conditions in excess of natural levels 1000 100 .5 7

v
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Radar Scatterometry/ Imaging for Applies to
1

Pollution — Pollution Detection and Classification Fig.
..
Groun Observation
Resolutio Frequency
Applications Days
rOCLLUTION INSERTION LOCATIONS AND CAUSE
2. Submerged o - 3
Sea state modifications 10 25 NBN 1
(0-2)
3. Surface 3
Sea state modifications 10 25 NBN 1
(0-2)
POLLUTION TYPE
10 Physical Charactleristics 3
Sea state or surface ruughness modification 10 25 NBN 1
(0-2)
£,
1-3
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Precision Ranging for Applies to
Pollution — Pollution Detection and Classification Fig. 1
Field of |Sample Eoofprinf Observation
View Spacing [Diameter | Accuracy| Frequency
Applications Miles Miles Feet cm Cays
P e ———
POLLUTION INSERTION LOCATIONS AND
CAUSE L “
POLLUTION TYPE




Microwave Radiometry for

Pollution — Pollution Detection and Classification

| Applications Miles

POLLUTION INSERTION
LOCATIONS AND CAUSE

l. Point sources
Surface tempera-
ture and salinity

[ o]

Submerged
Emissivity ol
surface film

3. Surface
Emissivity of
surface film

5. River/Estuarine
Insertion
Estuarine circu-
lation {surface
temperature and
salinity)

POLLUTION TYPE
ﬁ Chemical Charac-

teristics
Persistence
(emissivity char-
acteristics)

10. Physical Charac-

teristics
Film emissivity
Surface roughness
or apparent tem -
perature modifi-
cation

13. Non-Biological
Thermal addition
River run-off
Desalination plant

effluent

Field of

View

25

50

50

25

25

25

25

25
25

25

P E——
Ground
Resolution
Feet

Accuracy
Heat Flyx

cal/em®/min
_

Accuracy
Sea State

Appl
Fig.

Accuracy
Temp
°K

ies to
1

Accuracy
Salinity

o/00

300

10

10

300

500

300

300

200
500

200

NBN
(0 -2)

N BN
(0-2)

NBN
(0-2)

NBN
(0-2)

"y

Observation
Frequency
Dcys

30

14
14

30
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Laser Depth Sounding for Applies to

Pollution —Pollution Detection and Classification Fig. 1
PR — PEETEEEE——
Sample | Ground Observation ;
o Spacing | Resolution{ Accuracy | Frequency
Applications Feet Feet Feet Days
0 e —

POLLUTION INSERTION LOCATIONS AND CAUSE

POLLUTION TYPE
137 Non-Biological
Sedimentation 500 100 2 90

1-6




Visible and Near IR Spectrometry,/Imaging for Sl o

3 Pollution — Pollution Detection and Classification et 2
R
Spectral |Spectal | Cround b tion
Range Bandwidth | Resnlution] FLONV L - n gisiy | bepency
Applications I /H Feet Miler oo w® oy Doy,
POLLUTION EXTENT
1. Pollution Field Boundaries
Discolored water .4-.7 .01 100 25 .1-1 7.
Surface roughness (glitter
analysis) .4-.7 0.3 300 50 1-10 7
2. Field Patterns
Discolored water .4-.7 .01 100 25 1-1 7
Surface roughness (glitter
analysis) .4-.7 0.3 300 50 1-10 7
3. Field Interfaces :
Discolored wzter : .4-.7 .01 100 25 , 1-1 7
Surface roughness (glitter
analysis) .4-.7 0.3 300 50 1-10 7

POLLUTION INDICATOR

4 7 Froth, Foams -
Surface reflectivity con-
trasts .4-.7 10.3 300 25 I-10 7

Slicks, Debris, Turbidity
Turbid and discolored

water, .4-.7 .01 300 25 .1-1 1
Surface roughness (glitter) }.4-.7 |0.3 300 50 1-10 1
6. Productivity Alteration
Discolored water .4-.7 . 01 300 25 1-1 3
Chlorophyll isochromes .4-1.2 |.01 300 25 1-1 3
Benthic algae 4-.6 .01 100 25 1-1 7
9. Luminescence or Fluores -
A cence
Spectral characteristics
of pollutants .4-.7 .01 100 25 .01-.1 7
10. Indicator Organisms
Plankton blooms .4-1.2 1.01 00 50 .1-1 3
Extensive surface fish kills |.4-1.2 }. 0l 50 25 .1-1 1




IR Radiometry/Imaging for Applies to

Pollution — Pollution Detection and Classification Fig. 2
*
) IGround Observation
Resolution] F.O.V. | Accuracy| Frequency

O
o\

Applications Feet Miles 1 Days

POLLUTION EXTENT
1. Pollution Field Boundaries
Thermal conditions in excess of natural
levels 100 25 .2 3

2. Field Pattery
Thermal conditions in excess of natural
levels 100 25 .2 3

3. Field Interfaces
Thermal conditions in excess of natural
levels 100 25 .2 3

POLLUTION INDICATORS
4, Froth, Foams
Emissivity variations 100 25 .1 7

5. Slicks, Debris, Turbidity
Emissivity variations 100 25 .1 7

Thermal conditions in excess of natural
levels 300 50 .2 7

7. Thermal Abnormalities ‘

8. Saline Abnormaliiies
Temperature correlations 300 50 B 7

1-8




Radar Scatterometry/ Imaging for Applies to

Pollution — Pollution Detection and Classification Fig. 2
Ground Obscivation
Resolution F.O.V.l Accuiacy] Frequency
Applications Fect Miles Dovys
R AR R

PR _ ]
POLLUTION EXTENT
1. Polluiion Field Boundaries

Surface film modifications to sea state 100 25 NBN 1-7
(0-3)
2. Field Patterns
Surface film modifications tuo sea state 100 25 NBN 1-7
(0-3)
3. Field Interfaces
Surface film modifications to sea state ' 100 25 NBN 1-7
(0-3)

POLLUTION INDICATORS

4. ¥Froth, Foams
Surface texture 100 25 NBN 1

(0-3)

5. Slicks, Debris, Turbidity
Surface roughness modifications 100 25 NBN 1
(0-3)

. *

3
=
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Precision Ranging for

Pollution — Pollution Detection and Classification

l

Applications

Field of
View

Miles

N

S

POLLUTION EXTENT
None

POLLUTION INDICATORS
None

Sample Eoofprint
Spacing [Diameter | Accuracy

Miles Feet cm

Applies to
Fig. 2

Observation
Frequency
Days

1-10




Microwave Radiometry for

Pollution — Pollution De¢tection and Classification

Applications

POLLUTION EXTENT
1.7 " Pollution Field
Boundaries
Surface temper-
ature
Salinity
Roughness
(large pollu-
tion features)

POLLUTION INDICA -
TORS

4, Froth, Foams
Large-scale
emissivity

variations

5. Slicks, Debris,
Turbidity
Large scale
emissivity
variations

1. Thermal Abnor-

malities
Surface temper -
ature and
salinity

8. Saline Abnormal-
ities
Surface temper-
ature and
salinity

Field of
View
Miles

25

25

25

25

25

25

Applies to

Fig. 2
Ground | Accuracy Accuracy | Accuracy |Accuracy
Resolution| Heat Flyx | Sea State | Temp Salinity
Feet cal/em®/min ok o/oo
300 - 2 -
300 - -
NBN
300 (0 -3) - -
!
300 E quiv. -
|
300 E quiv. -
300 .1 1
300 .1 1

]
Observation

Frequency
Cays

~J

1-11
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Laser Depth Sounding for

Applics to

PR

7 “F‘ﬁ:f

Pollution — Pollution Detection and Classification Fig. 2
SuﬁTc Cround Observation
Spacing | Resolution] Accuracy | Frequency
Applicalions Feet Feet Feet Days
R _ R

POLLUTION EXTENT

None

POLLUTION INDICATORS

None

1-12




Visible and Near IR Spectrometry/Imaging for Spplies to
e Pollution — Pollution Dynamics li. 3

_ﬂ-"“ ! . .
Spectral [Spectral ] Cround vy ition

Range Bandwidth | Resolution] F.OLVL] & nifivity | Frequency

Applications H H Fect Miles | v, in®/% l',/t: Doy,
INTENSITY DISTRIBUTION
1- Survace Patterns
Reflection color changes
(oil slicks, debris, etc.) .4-1.2 .03 100 25 .1-1
Surface roughness .4-.7 Bd 100 25 1-10
2. Surface Indications of Sub-
surface Pollutants
g Scattering and reflectivity
4 (e.g., oil slick from sun- .
i ken ship) .4-1.2 .03 100 25 .1-1 7
! Surface roughness .4-.7 Bd 100 25 1-10 7
3. Decay Gradients from Source
Variation in spectral qual-
ity of water near point
source (savage outfall,
etc.) .4-.7 .01 100 10 .01~

w W

taw

14

10. Rates of Advance/Syllical
Variations
Spectral mapping at spec-
e ified intervals (fossil fuel
slicks, outfall form, debris
etc.) .4-.7 .01 100 § 25 .1-1 1/4-7
11. Shallow Water Accumulation
Incident reflectivity .4-1. 3 .03 300 50 .1-1 7
(debris, red tides) spectral
variations, chlorophyll .4-1.4 .01 300 50 1-1
Surface roughness .4-.7 Bd 300 50 1-10
12. Shoreline Accumulation
Shoreline contour, beach
pollution (kelp, debris,
etc.) .4-1.2 .03 50 25 .1-1 7

R g R FIE NS

~

R PR PR T T AT LT

13. Gyres, Eddies, Current
Boundary Accumulation
‘Water color, tonal conirastd 4-.7 . 01 100 25 .1-1 3

14. Tidal Marsh Accumulation
L.arge accumulations of
debris, sewage, etc., dis-
coloration of vegetation .4-1.23 .03 100 25 1.1 7

Biological Accumulation
Major fish kills .4-1. 21 .03 100 25 1-1 1

1-13




IR Radiometry/Imaging for Applies to
Pollution — Pollulion Dynamics Fig. 3

Observation

Accuracy| Frequency
ok Days

Ground

Resolution
Feet

Applications
INTENSITY DISTRIBUTION

1. Surface Patterns
Emissivity contrasts due to surface pollu-
tion 500 25 o1 2

; 3. Decay Gradients from Source
Emissivity variations in vicinity of point
! sour ce 200 10 .5 14
i
4 —
2 10. Rates of Advance/Cyclical Variations

N Isotherm mapping 500 25 .5 1/4-7
13, Gyres, Eddies, Current Boundary Accumula-

f” tion

Surface isotherm mapping of water mass

: boundaries 500 50 .2 7

i 14. Tidal Marsh Accumulation
et Areal extent of marshes 500 20 .5 30

A
&
]

X

5
&
4
i
4

LA
X
iy
L5
B
%

i
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o
o

i
-4
3
g
i
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Rodar Scatterometry/Imaging for Applies to
Pollution — Pollution Dynamics Fig.3

e

?%%;“\ O e e Gmund Observation
& ResoluﬁoJ F.O.V. Frequency
Applications Feet_ Miles Days
. INTENSITY DISTRIBUTION
B i. Surlace Patterns
Surface roughness modifications effected
by slicks 500 50 N 3N 2
(¢-2)
2. Suriace Irndications of Subsurface Pollutants
Wave and slope variations (modification :
of capillary wave structure) 500 25 NBN ?
(0-2)
4 —
5. Rates of Advance/Cyllical Variations i
Waves and overall surface roughness E
changes 500 50 NBN 4-7
(0-2)
11. Shallow Water Accumulation
Overall surface roughness 200 20 NBN 7
(0-2)
14. Tidal Marsh Accumulations
Areal extent of marshes (land-water
boundary) 500 20 'NBN 30
| (0-2)

i 1-15




Precision Ranging for Applies to
Pollution — Pollution Dynamics Fig. 3

e ag

T

LR

J

Field of |Sample [ootprint Observation
View Spacing [PDiameter | Accuracy| Frequency
Applications Miles Miles Feet cm Days
" INTENSITY DISTRIBUTION

None

1-16




Microwave Radiometry for

Applies to

Pollution - Pollution-Dynamics Fig. 3
Field of |Ground | Accuracy Accuracy {Accuracy |Accuracy [ Observation
.3 View Resolution| Heat Flyx |Sea State | Temp Salinity | Frequency
‘ Applications Miles Feet cal/em®/min °x o/o0 Days

1 L]
2 -
i
-9
s
iy
S
o 3.
-,
E
-
L
. 4 ~
d 10.
N
11.

Surface Patterns
Surface roughness,
surface temperature
and salinity

Surface Indications
of Subsu:rface Pollu-
tants
Emissivity prcper-
ties of surface
foam, oil slicks
etc.

Decay Gradients F -om
Surface
Saline and thermal
variability at
source

Rates of Advance/Cyl-|

lics1l Variations
Isohaline and iso-
therm mapping, sur-
face roughness

Shailow Water Accum-
ulation
Water surface tem-
perature and sali-
nity

Gyres, Eddies, Cur-
rent Boundary Accum-
ulation
Water mass discrim-
ination on the basi}
of temperature and
salinity

Tidal Marsh Accumula-

tion
Areal extent of
marshes

L
INTENSITY DISTRIBUTION

25

10

50

20

25

500

500

200

500

200

1000

1000

NBN(0-2)

NBN(0-2)

NBN(0-2)

.5

.5

.5

“

14

1/4-7
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Laser Depth Sounding for
Pollution - Pollution Dynamics

INTENSITY DISTRIBUTION

11.

12.

14.

Shallow Water Accumulation
Sediment accumulation and redistribution

Shoreline Accumulation
Changes in nearshore bottom topography

Tidal Marsh Accumulation
Sedimentation: Short term (filling in of
sludge, etc.) long term (eutrophication)

S —————

Applies to
Fig. 3

Cround

Resolution

500

100

300

Accuracy

3

.5

Frequency
Days

Observation

90

90

90

1-18
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Visible and Near IR Spectrometry/Imaging for

Applications

DISPERSAL MECHANISMS

1.

12.

13 -
14.

16.

17.

Source Distribution
Distribution of discolored
water

Insertion Rates
Water clarity at source

Density/Dilution Vs Depth
Sea floor accumulation at
outfall

Physical State
Indicators of state

Emulsification
Foam

Precipitation
Bottom color

Difusion Rates
Turbidity, spectral mapping
of pollutant drift

Current Circulation
Turbidity, spectral mapping
of pollutant drift current
boundaries

Tidal Flushing/River Plumes
Turbidity, spectral mapping
of pollutant drift

Wind Drift
Sea state (glitter amnalysis)
Drift of surface pollutants

Surface and Mixed Layer Tur-
bulence

Turbidity

Sea state (glitter analysis)

Pollution - Pollution Dynamics

4-1.2
04_112

.b-.6

N

LA-.7

04"07
-7

.01

01

.3

01

.01

round
Resolution
Feet

300

50

100

50

50

300

300

300

300
300

Applies to
Fig. ¢
W
C Observation

F.O.V.| Sensitivity | Frequency
Miles | w/m“/ST/4| Days

50 JA-1 1

10 .1-1 1/4

10 .1-1 30

10 .1-1 7

25 .01-1 7

25 .1-1 30

50 .01-.1 1

50 “01-.1 1

50 .01-.1 1/4
Glitter
Pattern|] 1-10 1

50 1-1 1

50 .1-1 3
Glitter] 1-10 3
Pattern

1-19
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IR Radiometry/Imaging for ;:pplies to
ig. 4
Pollution - Pollution Dynamics

lGround Observation

Resolution| F.O.V. Agcuracy Frequency

3

N A T ST T I, ey

Applications Feet Miles K Days
e _ PR
DISPERSAL MECHANISMS
1. Source Distribution
Thermal pollution 100 25 .2 7
2 ~ Insertion Rates, Density/Physical State
* Thermal maps 300 50 .2 7
E
. 6. Emulsification
{ A Foam 50 25 .1 7
10. Evaporation
A Emissivity indications and evaporation rates 300 25 .1 7
‘ 15. Buoyant Forces
; Surface temperature 300 25 .2 7

T B AR W
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;% Radar Scatterometry/Imaging for Applies to
Fig. 4

Pollution - Pollution Dynamics

A SAPSEA

W
Ground Observation
Resoluilony F.O.V.| Accurqey] Frequency
AEEIicaﬁons Feet Miles Dazs

DISPERSAL MECHANISMS

6. Emulsification

A  Foam 50 25  INBN(0-2) 7

- ig “Wind Drift, Surface and Mixed Layer Turbulence
“ Sea state 1000 100 | NBN(0-4) 1

TR TN
bR et SR

S

TR TR TR T R R
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Precision Ranging for
Pollution - Pollution Dynamics

Applies to

Applications

DISPERSAL MECHANISMS
None

Fig. 4
Field of [Sample [Footprint Observation
View Spocing [Diameter | Accuracy| Frequency
Miles Miles Feet cm Days
1-22




Microwave Radiometry for Applies to

Pollution - Pollution Dyuamics Fig. 4

R
i .
Field of |Ground | Accuracy Accuracy | Accuracy | Accuracy |Observation

. View Resolution| Heat Flyx  |Sea State | Temp Salinity |Frequency
Applications Miles Feet cal/em®/min ok o/00 Days

DISPERSAL MECHANISMS

1 - Insertion Characteris

4, tics
Mapping to deter-
mine pattern of
dispersion from
source 25 50 - - .2 1 1/4-3

-

6. Emulsification
A  Foan - 25 50 - nen(o-4) | -1 1 7

10. Evaporation
- Change in salinity
concentrations in
regions of intense
A evaporation 25 300 - - - 1 7

12. Current Circulation
Current pattern
recognition on
basis of tempera-
ture and salinity
contrasts 50 300 - - .1 1/2 11

13. Tidal Flushing
Tidal mixing in
estuaries by ob-
serving salinity
concentrations 50 300 - - - 1 1/4

Extension of rivers

14. River Plumes H
into the sea

50 500 - - 2 2 1/4-3

15. Buoyant Forces
Surface salinity
and temperature 25 100 - - .2 1 1

Wind Drift/Mixed Lay+
‘ Turbulence
Sea state 100 1000 - NBN (0-]‘) - - 1

1-23




Laser Depth Sounding for Applies to
Pollution - Pollution Dynamics Fig, 4

gamp‘e Cround Observation :’
R

Spacing | Resolution| Accuracy | Frequency

Applications Feet Feet Feet Days

DISPERSAL MECHANTSMS
1. Source Distribution
Bottom topography 1000 200 3 90

2. Insertion Rates
Y N Sedimentation rates bottom topography 1000 200 3 90

11. Diffusion Rates
Sediment accumulation 1000 200 3 90

14. River Plumes
Sedimentation 1000 200 3 ; 90
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Visible and Near IR Spectrometry/Imaging fo.: Applies to

8. 5
Pollution - Pollution Dynamics F's

) o [ ———
Spectral [Spectral | Groud I Observation

Ronge  |Bandwidth|Resolution| F,O,V.| Sensifivity | Frequency

Applications M M Feet Miles | w/m</ST/ Days
Mw

ENVIRONMENTAL ACCOMMODATION

1. Reaction Rates

A Indications of Chemical Com-
position Changes -7 .01 300 25 .01-.1 14

g

2. Toxicants

3. Precipitants
Distribution of Turbid Water
(Especially in Estuaries) A-.7 01 300 25 .1-1 7

4. End Products
A  Spectral Survey to Determine
Water Composition JAa-.7 N1 300 10 .01-.1 7

5.- Biological Stimulants

9, Chlorophyll (As Index of
Productivity) 4~1,2 01 300 25 .1-1 3

13. Dilution
‘ Distribution of Discolored ' _
Water Relative to Source a-.7 .01 100 25 1-1 7

1-25
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IR Radiometry/Imaging for .:i;;pliess to

Pollution - Pollution Dynamics

Observation

Resolution] F.O.V. | Accuracy| Frequency
Applications Feet Miles oK Days

ENVIRONMENTAL ACCOMMODATION

2. Toxicants
Temperature Indications of Toxicant Concentra-
tions 100 25 0.1 7

4., End Products
A Emissivity Characteristics of Pollutant End
: Products 300 20 0.1 7

11. Bacterial Breakdown
A Emissivity Changes NDue Localized Biodesradation] 1000 25 0.1 7

f 13. Dilution
Pattern of Dispersal of Thermal Discharge From
Power Stations 1000 25 0.1 30

¥
A
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Rodar Scatteromefry/lmaging for Applies to
Pollution ~ Poltution Dynamics Fig. 5

N
Ground Observation

Resolution] F.O.V.| Accuracy] Frequency i
Applications Feet | Miles Days .

ENVIRONMENTAL ACCOMMODATION
None

S i A L

ol il

SR

S it o .

S i
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Precision Ranging for Applies to
Fig. 5
Pollution - Pollution Dynamics 9

>

Field of |Sample Eootprint Observation
View Spacing Piameter | Accuracy| Frequency

Applications Miles Miles Feet cm Days
RS

ENVIRONMENTAL ACCOMMODATICN
None

J
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Microwave Radiometry for Applies to

Pollution - Pollution Dynamics Fig. 5
Field of |Ground | Accuracy Accuracy | Accuracy {Accuracy |Observation
View Resolution] Heat Flzox Sea State | Temp Salinity | Frequency
Applications Miles Feet cal/em®/min °k o/o0 Days

ENVIRONMENTAL ACCOMMODATI )
1.- Reaction Rates/Toxi-
3. cants/Precipitants ‘
A Emissivity Varia-
tions Due to Changes]
in the Chemical
Properties of the
Water Column 25 300 - - 0.1 0.5 7

4. End Products

A Emissivity Charac-
teristics of Pollu-~
tant End Products 25 200 - - 0.1 0.5 7

11. Bacterial Breakdown
A Emissivity Changes
Due to Localized

Biodegradation 25 500 - - 0.1 Q.5 7
13. Dilution
Pattern of Dispersal] "
of Thermal Dischargd
’ From Power Stations 20 1000 - - 0.1 - 30

S e

F
i
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Laser Depth Sounding for
Pollution - Pollution Dynamics

Applications

ENVIRONMENTAL ACCOMMODATION

3.- Precipitants/End Products

4.

Sedimentation

ample
Spacing

Feet

10

Applies to

Fig. s
Cround Observation  _ )
Resolution| Accuracy | Frequency
Feet Feet Days
psste———
200 0.5 90
)
-7

i

e



Visible and Near IR Spectrometry/Imaging for Applies to
. Pollution - Pollution Effects Fig. 6

Spectral Observation
£ Seniitivit Frequency
. Applications w/m</ST/m Days

L
IMPINGEMENT ON ESTHETIC VALUES
1. Decaying Debris

Large accumulations (kelp,

%i etc.) 4-1.2 | .03 100 25 .1-1 7
%ﬁ 2. Water Contamination
% A Absorption spectrometry for
& volatile impurities h-7 .01 300 50 .01-1 3
3. Biological Kills
Color correlations (red
tides, oil slicks, water
pollution, dead fish) 4-1.2 01 100 50 .1-1 1
4. Coastal Industries
Air circulation patterns 10000 100 .1-1 3
Water pollution detection -7 .01 100 50 .1-1

5. Dead or Dying Wildlife
Direct detection of dead
wildlife A-1.2 .03 50 10 .1-1 7

6. Beach Debris
Large accumulations (kelp,
etc.) 4-1.2 .03 100 25 .1-1 7

7. Altered Coastal Vegetation
Spectral imagery (browning
of coastal vegetation) 4-1.2 .03 - 100 50 .1-1 14

8. Water Discoloration (Slick
and Debris)

Spectral imagery (fossil
fuels, etc.) A4-.7 .01 50 25 .1-1 1
Surface roughness A7 Bd 50 25 1-10 1
9. Coastal Construction
Coastline alternations JA-.7 .1 50 50 1-1 30
g Sedimentation =7 .01 100 50 1-1 30
] Turbidity A-.7 .01 100 50 .1-1 7
A Wave refraction =7 0.3 100 25 .1-1 7
. 10. Slimy Water
: Spectral identification Ja=.7 .01 100 25 .1-1 7
i 8 Surface roughness J4-.7 Bd 100 25 1-10 7
% 11. Sludgy Bottoms '
s, Shallow water color -7 .01(1) 100 25 .1-1 14
y 1-31
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Visible and Near IR Spectrometry/Imaging for Applies to
Pollution - Pollution Effects (Cont'd) Fig. 6

- Observation

Spectral |Spectral | Ground
Range [Bandwidth | Resolution| F,O.V.] Sensifivity | Frequency

Applicatiors H # Feet Miles | w/m</ ST/“ Days

IMPINGEMENT ON ESTHETIC VALUES
12. Beach and Bottom Debris

Shallow Water Buildup -7 .01(1) 100 25 1-1

Large Scale Beach Debris -7 .03 50 25 1-1 14
13. Sticky Tars

Large Scaie Floating and

Beach Deposits JA-.7 .03 50 25 .1-1 7

1-3]2




JEprer

Applies to

IR Radiometry/Imaging for .
Fig. 6

Pollution - Pollution Effects

[Ground Observation
Resolution| F.O.V. | Accuracy| Frequency

Applications Feet Miles 1 °K Days

IMPINGEMENT ON ESTHETIC VALUES
3. Biological Kills
Thermal Pollution 500 25 1 30

A
5. Dead or Dying Wildlife
= Potential for Thermal Kills (Critical Levels) 500 25 1 30

7. Altered Coastal Vegetation
A Thermal Correlations 300 25 0.5 30
8.

Water Discoloration (Slicks and Debris)
Detection of Slicks Through Emissivity Varia-
tions 500 25 0.1 30

10, Slimy Water
A  Thermal Correlations with Slime Production 1000 25 1 30

13. Sticky Tars
Thermal Detection 50 25 1 30

o b Bl Moo i 0w W T T T
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Radar Scatterometry/ Imaging for ?ipplées to
g.

. Pollution - Pollution Effects

Ground Observation

Resolutiony F.O.V.| Accuracy] Frequency
Applications Feet lMiIes Days .

IMPINGEMENT ON ESTHETIC VALUES

8. Water Discoloration (Slick and Debris)
Slick effects on sea state (capillary
structure) 300 20 NBN(0-2 30

9. Coastal Construction
A Surf modifications 100 10 NBN(2-4 60

10. Slimy Water
A Wave damping effects 1000 20 NBN (0-2] 30

1-33




Precision Ranging for
Pollution - Pollution Effects

Applications

Field of
View
Miles

Sample
Miles

IMPINGEMENT ON ESTHETIC VALUES
None

-

ootprint

Spacing [Diameter
Feet

Applies to
Fig. 6
Observation
Accuracy| Frequency
cm Days

[N
ﬁ}’ ﬁ'"‘m‘w o



Microwave Radiometry for Applies to
Pollution - Pollution Dynamics Fig. 6

Field of |Ground | Accuracy Accuracy | Aceuracy |Accuracy | Observation

View Resolution| Heat Flyx |Sea State | Temp Salinity | Frequency
Applications Miles Feet cal/cm®/min oK o/o0 Days
IMPINGEMENT ON ESTHETIC
VALUES
3. Biological Kills
Salinity 4 )
Temperature 25 10 - - 1 1 30

5. Dead or Dying Wildlife
Potential for Ther-
mal and Salinity
Kills (Critical
Levels) 25 10 - - 1 1 30

7. Altered Coastal Vege-
tation
Thermal and Salinit#(

Correlations 25 10 - - 1 1 3J

10. Slimy Water
A  Thermal Correlationk 25 10 - - 1 - 30

13. Sticky Tars
Thermal Detection 10 50 - - 1 - 30
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Laser Depth Sounding for
Pollution - Pollution Dynamics

R e e

Applications

IMPINGEMENT ON ESTHETIC VALUES
9. Coastal Construction
Water Depth Variations in Coastal Waters

11. Sludgy Bottoms
Sludge Buildup

12. Beach and Bottom Debris
A Coastal Water Depth Changes Due to Debris
Accunulation

Feet

10

10

10

Applies to

Emple Cround

Spacing

Fig. 6
Resolution| Accuracy
Feet Feet
P —
100 1
100 0.5
100 1

)

Observation
Frequency

Days
———————— Y

60

60

60
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Visible and Near IR Spectrometry/Imaging for Applies to

F:go 7
Pollution - Pollution Effects

“ ; Spectral |Spectral [ Ground , Observation
Range  |Bandwidth | Resolution| F.O.V.| Sensiivity | Frequency
Applications H H Feet Miles | w/m /ST,/ﬂ Days
EFFECTS ON THE MARINE ECOSYSTEM
1. Nutrient Insertion
Zones of productivity (chlor-
ophyll), turbidity JA4-1.2 .01 300 50 A-1 3
3. Altered Light Penetration
Shallow water bottom color
changes a=-.7 .01(1) 100 25 -1 14
Turbidity a=-.7 .01 300 50 .1-1 7
A Surface aquaculture 4-1.2 .03 300 25 1-1 14
4, Thermal Stimulation 1.
Productivity (chlorophyll) 4-1.2 .01 300 50 .1-1 3
5. Water Mass Mixing
Color patterns indicative of
nixing A=7 .01 300 25 1=~1 7
6. Organic Deposition and Shoaling
A Bottom color variation in
shallow waters Aa=.7 .01(1) 100 25 .1-1 30
Altered Fecundity or Growth
Rates
Size and abundance of fish ,
schools 4-1.2 .01 50 50 '] .1-1 7
8. Catastrophic Mortalities
Altered benthic and pelagic
productivity ha=-.6 .01 - 50 25 .1-1 3
9. Encouragement of I'ndesirable
Species
Extensive single-species 4-1.2 .03 300 50 1-1 3
Population explosion (e.g.,
10. Biomass Production
Indications of productivity b=.7 .01 300 50 .1-1 3
11. Reduced Diversity
A Size and frequency of fish
schools 4-1.2 .01 50 50 .1-1 7
13. Environmental Alteration
Light penetration
Nutrients X
Productivity (chlorophyll) 4-1.2 .01 300 50 .1-1 7
Turbidity =7 .01 300 0 .1-1 7
Sedimentation A-.7 .03 300 50 .1-1 7
1-37
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Visible and Near IR Spectrometry/Imaging for

Pollution = Pollution Effects

Applications

e e

EFFECTS NN THE MARINE ECOSYSTEM

14, P—h_otosynthetic Inhibition
Turbidity
Productivity (chlorophvll)
Concentration

15. Pathological Effects

& Visible benthic and pelagic
alterations
Pollution levels

l\‘d“"a

Bandwidth

.01
'01

.01
.01

Resolut’ ~

300
300

100
300

F.O.v.

50
50

25
25

Applies to
Fig. 7

Jal Spectral | Ground

Sensi ivi ")

H H Feet Miles | w/m</ ST_/!E

1-1
1-1

3

Observation
Frequency
Days

14
14
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IR Radiom. try/Imaging for

Pollutica - Pollution Effects

Applications Feet Miles
-m#—*

EFFECTS ON THE MARINE ECOSYSTEM

1.

13.

Nutrient Insertion
Poiat source or outfall location through
isothermal mapping

Thermal Stimulation
Distribution of isotherms

Water Mass Mixing
Thermal patterns indicative of mixing

Environmental Alteration
‘“emperature alterations

Ground
Resolution

100

100

300

500

Applies to

Fig. 7

F.O.V.|Accuracy

ok

Observation
Frequency
Days

25

25

50

50

.2

.1
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Radar Scatterometry/ Imaging for A:.pplies fo
ig. 7
Pollution - Pollution Effects

: i Ground Observation ‘)

N Resolutiony F.O.V.| Accuracy] Frequency
: Applications Feet IMiles Days

EFFECTS ON THE MARINE ECOSYSTEM
8. Catastrophic Mortalities
A  Surface films 50 25 NBN(0-4) 1

IS POV VNV il A i b SN o r ot s
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Precision Ranging for

Pollution - Pollution Effects

Applications

EFFECTS ON THE MARINE ECOSYSTEM
None

Field of [Sample

View
Miles

Spacing
Miles

Applies to

Fig. 7
ootprint Observation
iameter | Accuracy| Frequency

Feet

cm Days :

1-41
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. Microwave Radiometry for Applies to
( Pollution - Pollution Effects Fig. 7
. —— —p— m——
= Field of |Ground Accuracy Accuracy | Accuracy |Accuracy |Cbservatio=:
5 View Resoiution| Heat Flyx |Sea State | Temp Salinity Frequencyj
o Applications Miles Feet cal/ecm™/min °K o/0o Days
R A S

EFFECTS ON THE MARINE

ECOSYSTEM

1. Nutrient Insertion

(Salinity, tempera-
ture) outfalls,

. river runoff 50 500 - - W2 2 3
" 4., Thermal Stimulation
; Distribution of
g isotherms 25 100 - - .2 - 3
= 5. Water Mass Mixing
é Thermal and salinity
%‘ patteias 50 300 1 1 3
E: 9. Encouragement of Unde-
£ A sirable Species
5 Salinity thermal
3 inducement 50 300 .2 1 3
%

13. Environmental Altera-
tion
Salinity temperature l‘)
alterations 50 500 .2 1 7 L
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Laser Depth Sounding for Applies to
Pollution - Pollution Effects Fig. 7

Spacing | Resolution| Accuracy | Frequency
Applications Feet Feet Feet Days

EFFECTS ON THE MARINE ECOSYSTEM
6. Organic Deposition and-Shoaling
Bottom buildup ' . 1000 200 3 90

13. Environmental Alteration

Depth alterations due to sedimentatjon, erosion,
waste 1000 200 3 90

1-43
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Visible and Near IR Spectrometry/Imaging for
Pollution - Pollution Effects

EFFECTS ON HUMAN HEALTH AND SAFE;J

Spectral 1Spectro| CGround
Range  [Bandwidth | Resolution
Applications H

3.

A

8.

4

9.

19.

Reduced Protein Availability
Benthic die-offs which caus
color changes
Surface evidence of fish
Recreational Hazards

Beach survey of large accum-

alation of debris
Evidence of bottom debric

(bottom color, wave re-

fractive patterns)

Toxic Swimming Waters

Infectious Waters
Spectral line detection of
individual pollutants (e.g.
tracing of sewage dispersio
patterns)

a

o

4-1.2
A-07

.03
Bd

01(2)

.01

01

50
50

100

100

100

Applies to

Fig. 8

F.O.V.

H Feet Miles

25
25

25

25

25

B T )
Observation -

Sensitivity | Frequency
w/m /ST&, Days
AR
.1-1 7
1-10 7
.1-1 7
1-1 7
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IR Radiometry/Imaging for ::pplies to
Pollution -~ Pollution Effects ig. 8

lGround Observation

Resolution] F.O.V. ] Accuracy] Frequency
Applications Feet Miles oK Days

EFFECTS ON HUMAN HEALTH AND SAFETY

9, Toxic Swimming Waters .
Isothermal mapping for pollutant circulation
patterns 300 25 .1 1

10. Infectious Waters
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Radar Scatterometry/Imaging for

Pollution - Pollution Effects

Ground
Resolution

F.O.V.

Applies to

Fig. 8

Accuracy]

Observation
Frequency

Aeglicoﬂons Feet Miles Days

EFFECTS ON HUMAN HEALTH AND SAFETY

8.

A

Recreational Hazards
Surface Wave and Roughness Indications or
Accumulations of Bottom Debris

100

25

1-46
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Precision Ranging for Applies to

Fig. 8
3 Pollution - Pollution Effects
Field of |Sample [|Footprint Ohservation
View Spacing [Diameter | Accuracy| Frequency
Applications Miles Miles Feet cm Cays

EFFECTS ON HUMAN HEALTH AND SAFETY
None
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Microwave Radiometry for Applies to

Pollution-Pollution Effects Fig.
Field of |Ground | Accuracy Accuracy | Accuracy |Accuracy | Observation
4 View Resolution| Heat Flyx | Sea State | Temp Salinity |Frequency
Applications Miles Feet cal /em”/min °K o/00 Days
M““* .

EFFECTS ON HUMAN
HEALTH AND SAFETY

9. Toxic swimming
waters
10. Infectious waters

Isotherm and isohaline 25 300 - - .l 1 1
mapping of pollution '
insertion and distribution

1-47T4A°
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Laser Depth Sounding for
Pollution - Pollution Effects

ample
Spacing
Applications Feet
EFFECTS ON HUMAN HEALTH AND SAFETY
8. Recreational Hazards
A Bottom Profiles 59

Applies to
Fig. 8

CGround
Resolution
Feet

50

Accuracy
Feet

Observation
Frequency
Days

30 or INT
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Visible and Near IR Spectrometry/Imaging for

Pollution - Pollution Effects

A

Applies to
Fig. 9

. Spectral Wm—- Observation
" Range Bandwidth | Resolution] F.O.V. Sens'yiviry Frequency
. Applications H H Feet Miles | w/m /ST/f.- Days
w
EFFECTS ON COASTAL OPERATIONS
l. Siltation and Dumping
- Color indications of bottom
i changes (e.g., bottom con-
. tour changes in shipping
ij channels) JA=.7 .01Q1) 300 25 d-1 14
b Combustible Slicks
Surface roughness (glitter),
spectral properties of
reflected light A=, 7 .3 300 50 .1-10 7
Floating Debris
Visible survey for large
accumulations of surface
debris A-.7 .03 200 25 .1-1 4
Gear Damage ’
Bottom debris A-.7 .01(1) 100 25 -1 14
Depleted or Inedible Stocks
Visible indications of ur-
face fish kills 4-1.2 .03 50 - 10 .1-1 7
0il slicks near shore (color}.4-1.2 .03 300 10 .1-1 7
(glitter).4-.7 3d 300 10 1-10 7
Red tides .6-1.2 .03 1000 25 o1-1 14
Toxicants
Spectral line of detecticn
o of specific pollutants Aa-.7 .01 - 1000 25 01-.1 30
011 slicks (color) .4-1.2 .03 300 10 .1-1 30
(glitter) JA-.7 3d 300 10 1-10 30
Turbidity
Water clarity and color b=-.7 .03 1000 25 1-1 30
Salinity and Temperature Leveld
Changes in distribution and
quantity of algae, especiallyf
kelp 4-1.2 .03 50 25 d-1 30
Nutrient Availability
Chlorophyll content 4-1.2 .01 300 25 Jd-1 14
Surface Sports
Floating debris L4-1.2 .03 50 25 1-1 7
011 slicks (color) .4-1.2 .03 1000 25 1-1 7
(glitter) 4-.7 Bd 1000 25 1-10 7
Red tides . 4-1.2 .03 7000 25 1-1 14
Sport Fishing 149

b . . ——
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Visible and Near IR Spectrometry/Imaging, for

Pollution -~ Pollution Effects (Cont'd)

_ Spectral |Spectral | Ground Observation )

Range

Bandwidth

Resolution

F.O.V.

Sensitivi

Applies to
Fig.9

Frequency

; . by
Applications M H Feet Miles | w/m°/ST/,| Days

EFFECTS ON COASTAL OPERATIONS
16. Underwater Sports
Surfacc evidence of fish
kills
Spectral detection of pollu-
tants
Red tides
Turbidity

4-1.2

A-7
-4-102
A-.7

.03

.01
.03
.01

50

1000
1000
1000

25

25
25
25

88¥
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3 IR Radiometry/Imaging for ':.PP”"s to
;? Pollution - Pollution Effects ig. 9
L 8
b2 Ground Observation
Resolution] F.O.V. | Accuracy| Frequency
Applications Feet Miles oK Days
M
EFFECTS ON COASTAL OPERATIONS
Q3. Floating Debris
‘ A Large accumulations of surface debris 500 25 .1 7
%ﬁ 5. Depleted or Inedible Stocks
A 0il slicks near shore 500 10 .1 14
9. Toxicants
Isothermal mapping for pollutant circulation

patterns 1000 25 .1 30

Salinity and Temperature Levels
Thermal mapping 2000 25 .2 30

Nutrient Availability
Tracing of current patterns by thermal mapping

to determine distribution of sewage and river
run-of f 1006 50 .2 3

Surface Sports
0il slicks near shore 1000 25 .1 7

Sport Fishing
Underwater Sports

Tracing of current patterns by thermal mapping
to determine distribution of fish and pollutantf 500 50 .1 7
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~, Agelicoﬁons

Radar Scatterometry/Imaging
Pollution ~ Pollution Effects

EFFECTS ON COASTAL OPERATIONS

1.

e

| I % DE >

Siltation and Dumping
Wave refractive patterns indicative of shoal
water

Combustible Slicks
Surface roughness

Floating Debris
Large accumulations of surface debris

Depleted or Inedible Stocks

Surface roughness modification due to oil slickp

Toxicants
Changes in overall roughness (e.g., oil slicks)

Surface Sports - .
Surface roughness modification by oil slicks

Ground
Resolution

300

300

300

1000

300

1000

F.O.V.

Feat “iles

50

50

50

50

50

25

Applies to

Fig. 9

Accuracy

NBN (0-4)

NBN(0-6)

NBN(0-6'

NBN(0-6)

NBN (0-4)

Observation
Frequency

Dozs

90
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Precision Ranging for

Applies to

Fig. 9
Pollution - Pollution Effects
Field of |Sample [Footprint Observation
View Spacing [Diameter | Accuricy| Frequency
Applications Miles Miles Feet cm Days
o
EFFECTS ON COASTAL OPERATIONS
None
!
&
¢
‘ 1-53
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Microwave Radiometry for ?pplies to
ig. 9

- i —
Field of |Ground | Accuracy Accuracy | Accuracy {Accuracy | Observatior

View Resolution| Heat Flyx  |Sea State | Temp Salinity | Frequency
Applications Miles Feet cal/cm®/min °K o/00 Days

R S
EFFECTS ON COASTAL
OPERATIONS
1. Siltation, Dumping
Wave refractive
patterns indicative
of shoal water 25 300 - NBN(3-12)] -~ - 30

2. Combustible Slicks
Departures from
normal surface
emissivity 50 500 - - 0.1 - 1

'Z}B. Depleted or Inedible
A Stocks
Surface emissivity
modificaticn due to
oil slicks 50 2000 - - 0.1 - 14

9., Toxicants
Isotherm and iso-
> haline mapping for
pollutant circula-

tion patterns 25 1000 - - 0. 0.1 30

o

11. Salinity and Tempera-
ture Levels

Thermal and salinit*

mapping 50 1000 - - 1.0 1.0 30

12. Nutrient Availability
Tracing of current
pattermns by thermal
or salinity mapping
to determine dis-
tribution of sewage
or river run-off 50 1000 - - 0.5 0.5 7

14. Surface Sports
Surface emissivity
modi fication aue to .
oil slicks 25 2000 - - 0.1 - 30

15. Sport Fishing
Tracing of current
pattems by thermal
or salinity mapping
to determine distri-
bution of fish and
pollutants 100 5000 - - 0.5 1 30
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Microwave Radiometry for
Pollution - Pollution Effects (Cont'd)

R

Applications

EFFECTS ON COASTAL

NPERATIONS

16. Underwater Sports
Tracing of current

patterns by thermal
or salinity mapping
to determine distri-

bution of fish and
pollutants

View
Miles

50

Field of |Ground

Observation
Frequency

Applies to
Fig. 9
Accuracy Accuracy Accurct—;:?II Accuracy
Resolution| Heat Flyx  |Sea State | Temp Salinity
Feet cal/em/min oK o/c0
R R
2000 - 0.5 1
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Laser Depth Sounding for

Applies to

Fig. 9
Pollution - Pollution Effects
A
Sample | Ground Observation
Spacing | Resolution| Accuracy | Frequericy
Applications Feet Feet Feet Days
EFFECTS ON COASTAL OPERATIONS
1. Siltation and Dumping
Development of shoal water 300 50 3 90
4, Gear Damage
Bottom irregularities indicative of submerged
objects 100 25 5 30
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Visible and Hear IR Spectrometry/Imaging for Applies 1o

Pollution - Pollution Control Fig. 10
Spectral {Spectral | Ground Obscrvation
Ranyje dandwidih | Resolution] F,O.V, Sensyivihf Frequency
Applications )t /t [Feet Miles w/m*/ST/) Days

OPTIMAL SURFACE CLEAN-UP TECHNIQUES
1. Distribution Mapping

Spectral mapping of pollutant

Surface roughness (glitter) =7 Bd 100 50 1-10 1
2. Chemical or Spectral Tagging

Spectral line detection of

pollutant types and extent A=T .01 . 10C 25 1-1 1
3. Clean-up Management

Spectral line detection of '

pollutant types and extent | .4-.7 .01 100 25 .1-1 1
Interpretation of c¢lean-up .
success .6-1.2 01 100 25 .01-,1 1

4. Barriers

Spectral analysis of success .6-1.2 .03 100 25 01-.1 1
5. Chemicals

Spectral analysis of success | .6-1.2 .03 100 25 .01-.1 1

e
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IR Radiometry/Imaging for Applies to
x Fig. 10
Ei Pollution - Pollution Control
YU e — ——— J-
V' Ground Ob:ervation
Resolution| F.O.V. | Accuracy| Frequency
Applications Feet Miles O Days
P L
OPTIMAL SURFACE CLEAN-UP TECHNINUES
1. Distribution Mapping
Isotherm mapping 300 50 .1 1
2. Chemical or Spectral Tagging
Isotherm mapping 3C0 50 .1 1
3. Clean~-up Management
Isotherm mapping 300 50 .1 1
4, Barriers
A Isotherm mapping to determine containment
success 300 25 .1 1
5. Chemicals
‘ Isotherm mapping to determine containment
success 300 25 .1 1
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Radar Spectrometry/Imaging tor APP“35t°
Fig. 10
Pollution - Pollution Control
Ground Observation
Resolution F.O.V.| Accuracy] Frequency
Jieat Feet Miles Days
NPTIMAL SURFACE CLEAN-UP_ TECHNIQUES
l. Distribution Mapning
Waves and overall surface roughness (indicativq
of surface slicks and bottom discontinuities) 300 50 NBN(0-6) 1
A 4. Barriers
L Effect of waves and surface roughnuss on
o barrier containment 300 25 NBN{0-5) 1
!
b
B
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Precision Ranging for

Applies to

Fig.
Pollution - Pollution Control '9. 10
Field of |Sample Eootprint Observation
View Spacing [Diameter | Accuracy| Frequency
Applications Miles Miles Feet cm Days
P *—* — e ————

OPTIMAL SURFACE CLEAN-UP TECHNIQUES

None
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Microwave Radiometry for

Pollution - Pollution Control
_

Applies to
Fig. 10

R,

Applications

Field of
View
Miles

Ground
Resolution
Feet

Accuracy
Heat Flyx

cal/em”/min

Accuracy
Sea State

R

Temp
°K

Aq
Accuracy

Accuracy
Salinity
o/00

MR

Oktservation
Frequency

Ccays

SRS

OPTIMAL SURFACE CLEAN-UP

TECHNIQUES

1. Distribution Mapping
Surface roughness
isotherm and isoha-
line mapping

2. Chemical or Spectral
Tagging
(Same as above)

3. Clean-up Management
(Same as above)

4, Barriers
Surface roughness
salinity and temper-
ature mapping to
determine contain-
ment success

5. Chemicals
- (Same as above)

<

o

50

25

300

300

NBN(0-6)

NBN(0-5)
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Laser Depth Sounding for

Applies to

R

Pollution -~ Pollution Control Fig. 10
Sample | Cround Observation
Spacing | Resolution| Accuracy | Frequency
Apslictions Feet Feet Feet Days

OPTIMAL SURFACE CEEA'l-UIP "ECHNINUES

1.

A
N

a

Distribution Manpin:
Jottom topogranhy «<o:limentation

Clean-up Management
Bot tom topogranhr scdimentation
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Visible and Near IR Spectrometry=-lmaging tor Applies to

Pollution ~ Pollution Control Fig. 11

' Spectral [Spectral | Ground Observation
Range [Bandwidth | Resolution| F.O.V.| Sensifivity | Frequency
Applications H i Feet Miles | w/m /ST4, Days

L _ ————

IMPROVED DISPERSION
1. Diffusers
Spectral analysis of pollutadt

distribution (comparison
before and after) LAa-.7 .01 100 25 .1-1 1 (INT)

2. Buoyancy Control
(Same as above)

3. Increased Flow
(Same as above)

Channels
(Same as above)

o~
*

5. Weirs, Grains, Etc.
(Same as above)

6. Circulation

Current boundaries =17 .01 300 100 .1-1 7

Convergence Ja-.17 .01 1000 200 .1-1 7

Divergence N/ .01 1000 200 11 7
7. Bottom Topography

Color indications of bottom .

discontinuities -7 .01(1) 100 25 -1 INT
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IR Radiometry/Imaging for éppliﬁ to
ig.
Pollution - Pollution Control
Ground Observation
Resolution] F.O.V. | Accuracy| Frequency
Applications Feet Miles oK Days
S - am—

IMPROVED DISPERSION
1. Diffusers

Isotherm mapping 100 25 .2 7
2. Buoyancy Control

Isotherm mapping 100 25 .2 7
3. 1Increased Flow

Isotherm mapping 100 25 .2 7
4. Channels

Isotherm mapping 100 25 .2 7
5. Weirs, Grains, Etc.

Isotherm mapping 100 25 .2 7
6. Circulation

Current boundaries 300 50 .1 1/4-14
9. Water Density Profile
A Indirect iayer depth determination
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Radar Scatterometry/ Imaging for
Pollution - Pollution Control

Applies to
Fig. 11

AEEHcoﬁons i

IMPROVED DISPERSION
7. Bottom Topography

A Overall roughness indications of bottom forma-
tions
&

Ground Observation
Resolutio Frequency
Feet Days

500 50 NBN(0-3) INT
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Precision Ranging for

Pollution - Pollution Control

Applies to
Fig. 11

l

Applications

e ———
ootprint Observation

iameter | Accuracy! Frequency
Feet cm Days

Field of |Sample
View Spacing
Miles Miles

S
IMPROVED DISPERSION

)
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Microwave Radiometry for

Pollution - Pollution Control

Applications

IMPROVED DISPERSION

1.

Diffusers
Isotherm and
line mapping

isoha-

Buoyancy Control

Isotherm and
line mapping

Increased Flow
Isotherm and
line mapping

Channels
Isotherm and
line mapping

Weirs, Grains,
Isotherm and
line mapping

isoha-

isoha-

isoha-

Etc.
isoha-

Applies to
Fig. 11
Field of |Ground | Accuracy Accuracy | Accuracy {Accuracy
View Resolution| Heat Flyx |Sea State gemp Salinity
Miles Feet cal/em/min K o/00
— T
25 100 - - .2 1
25 100 - - .2 1
25 100 - - .2 1
25 100 - - .2 1
25 100 - - 2 1

1-67
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Laser Depth Sounding for

Pollution ~ Pollution Control

s

A

Applications

e

IMPROVED DISPERSION
6. Circulation
Bottom contour

7. Bottom Topography
Bottom contour

8. Tidal Flushing
Bottom contour

Applies to
Fig. 11
§amp|e Ground Observation j
Spacing | Resoiution} Accuracy | Frequency ™
Feet Feet Feet Days
500 100 5 180
500 100 5 180
500 100 5 180
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Visible and Near IR Spectiometry/Imaging for Applies to

. Pollution - Pollution Control Fig. 12

q: —
Spectral|Spectral Ground Observation
Range BandwidthResolution F.0.V. enéitivity Frequency

Applications Feet Miles §/m°/ST/ Days

IMPROVED TREATMENT
1. Bacterial Processing

Effect upon organisms 4-1,2 .01 100 25 .1-1 7
Spectral Analysis of pollu-
tant extent =7 .01 100 25 .01-.1 7

2. Detoxification
(Same as above)

3. Physical Statc Change
(Same as above)

4., Sterilization
(Same as above)

5. Dilution
(Same as above)

6. Filtering
(Same as above)

7. Coagulation
(Same as above)

8. Adsorption
(Same as above)

OTHER CONTROL MECHANISMS

9. Adapt Insertion to Tidal and
Otner Cycles
Map surface patterns -7 .01 100 25 .1-1 1/4-3

10. Recycle Critical Pollutents
Map surface patterns =7 .01 100 25 .1-1 3

11. Critical Level Plant Shutdowns
Spectral survey of critical
atmospheric and water pollu-
tion levels

A Smoke trails

12, Use of Biodegradable Chemicals
and Materials
Color changes in receiving
waters attending introductior
of biodegradables N .01 100 25 .1-1 1 INT
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IR Radiometry/Imaging for

Pollution - Pollution Control

Applications

IMPROVED TREATMENT

4 1. Bacterial Processing
Isothermal mapping
& 2. Detoxification
Isothermal mapping
A 3. Physical State Change
Isothermal mapping
A4, Sterilization
Isothermal mapping
AS5. Dilution
Isothermal mapping
A6. Filtering
Isothermal mapping
& 7. Coagulation
Isothermal mapping
A 8. Adsorption

Isothermal mapping

OTHER CONTROL MECHANISMS

11. Critical Level Plant Shutdowns
Thermal conditions indicative of critical
pollution levels at source or outfall

|Ground
Resolution
Feet

25

25

25

25

25

25

25

25

25

100

100

100

100

100

100

100

100

300

Applies to

Fig. 12

Accuracy

Frequency
Days

2

Observation

Miles oK
*—i

.1

N

14+INT

144INT

14+INT

14+INT

14+INT

14+INT

144+INT

14+INT
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Applies to

Radar Scatterometry/Imaging for
Fig. 12

Pollution - Pollution Control

M
Ground Observation

Resolutionl F.O.V.| Accuracy] Frequency

Aeelicuﬁons Feet Miles Days
| " XN

IMPROVED TREATMENT
None

OTHER CONTROL MECHANISMS
None
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Precision Ranging for Applies to
Pollution - Poilution Control Fig. 12
Field of S:nTple oofprinT Observotic:,
View Spacing Piameter | Accuracy| Frequency
Applications Miles Miles Feet cm Deys
C —— N——— S

IMPROVED TREATMENT
None

OTHER CONTROI MECHANISMS
None
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Microwave Radiometry for

Pollution - Pollution Coni.rol

Applies to
Fig. 12

Applications

IMPROVED TREATMENT
A1l. Bacterial Processing
Variations in sal-
inity concentra-
tions

A2.

Detoxification
(Same as above)

A3.

Physical State Chang
(Same as above)

Sterilization
(Same as above)

Ab.

Dilution
(Same as above)

As.

A6. Filtering

(Same as above)

A7.

,As.

Coagulation
(Same as above)

Adsorption
{Same as above)

OTHER CONTROL MECHANISMS
12. Use of Biodegradable
Chemicals and Mater-
ials
Emissivity as an
index of effective-
ness of use of bio-
degradables

A

Field of
View
Miles

25

25

Ground
Resolution
Feet

100

100

Accuracy
Heat Flfx

cal/em*/min

R EE——

Accuracy
Sea State

Accuracy
Temp
°K

.1
(Equiv)

Accuracy
Salinity
o/ 00

Observation
Frequency
Days

*.

14 INT

INT
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Laser Depth Sounding for Applie§ to

Pollution - Pollution Control Fig. 12
—— ample | Ground Observaticn
Spacing | Resolution| Accuracy | Frequency
Applications Feet;_r Feet ‘ Feet Days
IMPROVED TREATMENT
None

OTHER CONTROL MECHANISMS
None
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Visible end Near IR Spectrometryflmaging for Applies to
Fisheries - Stock Management - Trooho Dynamic Information, Fig. 13

 § and Life History Information
e . -~ -~ "
Spectral {Spectral | Cround Observation

Range Bandwidth | Resolution| F,O.V ] Sensitivity | Frequency
Applications H #“ Feet Miles | w/m“/ST/..| Days

TROPHO-DYNAMIC 1INFORMAT |ON

LIFE HISTORY INFORMATION
L. Schooling Characteristics

School size and shape Ja-7 .05 10 50 1-1.0 INT

Natural slicks (glitter -7 Rd 100 50 1-10 INT

A Sea state pattern) -7 Bd 1000 100 1-10 INT

Association with visible A Bd 50 50 .1-1.0 INT
features

5. Migratory Behavior

Location of near-surface JAa-7 .05 50 50 .1-1.0 5
schools
Water color A4-1.2 .05 1000 200 .1-1.0 5
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IR Radiometry/Imaging for Applies to

Fisheries - Stock Management - Tropho Dynamic Information, Fig. 13
and Life History Information -)
lGround Observation
Resolution] F.O.V. | Accuracy] Frequency
Applications Feet Miles ok Days
P S +_
TROPHO-DYNAMIC INFORMATION
LIFE HISTORY INFORMATION
4. Schooling Characteristics
School size and shape 10 50 INT
Natural slicks 100 50 INT
Association with thermal features 50 50 1.0 INT
5. Migratory Behavior
i - s 50 50 5
Disposition of surface isotherms 1000 ~ 200 0.5 5 ]
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Radar Scatterometry/Imaging for Applies to

Fisheries - Stock Management - Tropho Dynamic Information, Fig. 13
' and Life History Information
Ground Observation
Resolutio Accuracy] Frequency
Applications Feet Days
TROPHO-DYNAMIC INFORMATION
LIFE HISTORY INFORMATION
L. Schooling Characteristics
Surrace roughness due to breezing schools 50 50 INT
A sea state RA 50 |NBN(0-12)] INT
5. Migratory Behavior
Surface roughness due to breezing schools 50 5G S
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Precision Ranging for

Fisheries - Stock Management - Tropho Dynamic Information,

and Life History Information

Applications

Field of

W " ~:
Sample Eootprmf
Spacing [Diameter

View
Miles

Miles Feet
Jb*

TROPHO-DYNAMIC (NFORMATION

LIFE HISTORY INFORMATION

Applies to
Fig. 13

b

Observation
Accuracy| Frequency
cm Days
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. Migrowave Radiometry for Applies to
-
oS!

wieries - Stock Management - Tropho Dynamic Information, Fig. 13
nd Lite History | T — p—
Field of |Ground | Accuracy Accuracy | Accuracy |Accuracy | Observation
. - View Resolution]| Heat Flyx | Sea State gemp Salinity | Frequency
Applications Miles Feet cal/em®/min K o/o0 Days
- - w*
TROPHO-DYNAMIC & -
INFORMAT ION

LIFE HISTORY |NFORMATION

L, Schooling
Characteristics
Surface roughness 50 NA NBN (0-12] INT

5. Migratory Behavior
Disposition of
isotherms and
isohalines 200 1000 0.5 0.5 5
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Laser Depth Sounding for Applies to
Fisheries - Stock Management =~ Tropho Dynamic Information, Fig. 13
and Life History Information

: TR SRENEE. — ESESERS NS SAESEAEEEE——
g ample | Ground Observation ’

5 Spacing | Resolution| Accuracy | Frequency
; Applications Feet Feet Feet Days
Sy L
TROPHO-DYNAMIC INFORMATION
LIFE HISTORY INFORMATION
¢ L. Schooling Characteristics
. Depth of schoo) 100 20 5 INT
5. Migratory Behavior
Depth of school 100 20 5 INT
i
§
E
2




Visible ond Near IR Spectrometry/lmaging for Applies to

%‘ Fisheries - Stock Management - Year Class Spawning Success, Fig. 14

Egg and Larval Survivability, and Effect of Fishing

Spectral {Spectral | Ground Observation

Range  [Bandwidth | Resolutien| F.G.V.| Sensitivity | Frequency
Applications H H, Feet Miles | w/m ,/bT/,. Days
YEAR CLASS SPAWNING SUCCESS

1. Envirommental Conditions in
Spawning Areas

Chlorophyll 4-1.2 .05 1000 50 .1-1.0 7
Sea state b=.7 Bd 1000 100 1-10 7
A Presence of oil slicks
5 (glitter pattern) 4-.7 Bd 100 50 1-10 7
i Chemical pollution (water
i color) 4-1.2 .05 100 50 .01-.1 7
Y Turbidity =7 1 100 50 .1-1.0 7
Water depth =17 .02 100 5C .1-1.0 30

2. Availability and Condition of
Breeding Stock

Presence of near-surface
schools La=.7 .05 50 S0 .1-1.0 7

—

‘:v..‘,w__U‘:,,‘._,.,_‘.‘_‘,J,ww
ik S B AL A L S R
w
*

EGG AND LARVAL SURVIVABILITY
Intensity of Predation and/
or Competition

Abundance of surface schools =7 .05 50 50 .1-1.0 7
' A Presence of slicks due to -
' feeding Ah-.7 Bd 100 50 1-10 7

4, Availability of Suitable
Bottom Conditions

Kelp presence ‘ .6-1,2 .02 50 50 1-1 30
Pollution spectra .4-1.2 .05 100 50 .01-.1 7
Turbidity b-.7 .05 - 100 59 .1-1.0 3
Shallow water spectral shift
(for bottom depth and
composition) A4-.7 01 100 50 .1-1.0 30
5. Departure from Suitable Water
Mass Conditions
c Chlorophyll 4-1.2 .05 1000 50 .1-1.0 3
5 Chemical pollution (water
: color) 4-1.2 .05 100 50 .01-.1 3
6. Availability of Forage
Chlorophyll ob=1.2 .05 1000 30 .1-1.0 3
EFFECT OF FISHING
7. Catch Fleet Efficiency
Monitoring of boat-days in
the fishing grounds A=.7 Bd 25 100 1-10 1

¢ e e — e o0 e ame -
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IR Radiometry/Imaging for

Fisheries - Stock Management-Year Class Spawning Success,

Egg and Larval Survivability, and Effect of Fishing

Applies to

Fig. 14

3

}
' Resolution] F.O.V. | Accuracy| Frequency
Applications Feet Miles oK Days
o
YEAR CLASS SPAWNING SUCCESS
1. Environmental Conditions in Spawning Areas
Disposition of surface isotherms 1000 50 7
2. Availability and Condition of Breeding Stock
Presence of surface schools 50 50 7
EGG AND LARVAL SURVIVABILITY
3. lIntensity of Predation and/or Competition
Abundance of surface schools (thermal pattern) 50 50 7
A Presence of slicks due to feeding 100 50 7
5. Departure from Suitable Water Mass Conditions
L Disposition of surface isotherms 1000 50 7
EFFECT OF FISHING
7. Catch Fleet Efficiency
Monitoring of boat-days in the fishing grounds 25 100 1
2-8
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Radar Scatterometry/lmaging for

Fisheries - Stock Management - Year Class Spawning Success,
’ Egg and Larval Survivability, and Effect of Fishing

/‘-.Eelicaﬁons
A R

Ground
Resolution

YEAR CLASS SPAWNING SUCCESS
|. Environmental Conditions in Spawning Areas
A Presence of petrolfeum slicks

Surface roughness

EGG AND LARVAL SURVIVABILITY

3. Intensity of Predation and/or Competition
Abundance of surface schools (roughness)

A Presence of slicks due to feeding

EFFECT OF FISHING
7. Catch Fleet Efficiency
Monitoring of boat-days in the fishing grounds

100
NA

50
100

25

50
50

50
50

100

F.O.V.] Accuracy

Applies to
Fig. 14

PBN(O—lZ)

“
Observation

Frequency

2=9




Precision Ranging for Appliel.f.hto
Fisheries - Stock Management - Year Class Spawning Success, Fig.
Egg and Larval Survivability, and Effect of Fishing ;
- Field of {Sample Footprint Observation
View Spacing [Diameter | Accuracy| Frequency
Applications Miles Miles Feet cm Days
e SRe—

YEAR CLASS SPAWNING SUCCESS
1. Environmental Conditions in Spawning
Areas

Dynamic topography (current patterns)

EGG_AND LARVAL SURVIVABILITY
5. Departure from Suitable Water Mass
Conditions

Dynamic topography (current patterns)

EFFECT OF FISHING

300

300

10

10

19

10

10

10

2-10



i i FOF | .
Microwave Radiometry I sheries - Stock Management - Year Class

Spawning Success, Egg and Larval Survivability, and Effect of Fishing

Applications

YEAR CLASS SPAWNING
SUCCESS
1. Environmental
Conditions in
Spawning Areas
Disposition of

surface isohalinep

and isotherms
Surface roughness

EGG AND LARVAL
SURVIVABILITY
5. Departure from Suitab
Water Mass Conditions
Disposition of
surface isotherms
& isohalines

EFFECT OF FISHING

re

Field of
View
Miles

50
50

50

Ground
Resolution
Feet

1000
NA

1000

Accuiacy
Heat Flyx

cal7em~/min

Applies o
Fig. 14
Accuracy | Accuracy |Accuracy
Sea State | Temp Salinity
ok o/co
e —
0.5 0.5
NBN (0-13)
0.5 0.5

2-11
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Laser Depth Sounding f%r

Applications

isheries - Stock Management - Year Class
Spawning Success, Egg and Larval Survivability, and Effect of Fis

gample Ground

Spacing | Resolution| Accuracy

Applies to
figy '

e

YEAR CLASS SPAWNING SUCCESS
1. Environmental Conditions in Spawning Areas
Water depth

EGG AND LARVAL SURVIVABILITY
4. Availability of Suitable Bottom Conditions
Bottom topography

EFFECT OF FISHING

Feet JL Feet L Feet
100 3
100 3

Observation
Frequency
Days

P —

30

30

2-12




Visible ond Near IR Spectrometry/Imaging for Applies to

Fisheries -~ Information for Tactical Decisions - Fig. 15

Market Information, and Environmental Conditions e ———————————

Speciral |Spectrai | Ground Observation
Range  |Bondwidth | Resolution] F.O.V.}| Sensiyivity | Frequency
Applications H ‘" Feat Miles | w/m®/ST/ Cays —
MARKET |INFORMATION
1. Port Accessibility
lce cover A-.7 Bd 1000 50 1-10 7 (1)
Shallow water color shift A7 .01 100 50 .1-1.0 30
Wave refractive patterns 4-.7 Bd 50 50 1-10 30

3. Fishing Pressure
Number of vessels on fishing

grounds 4-.7 Bd 25 100 1-10 7
SNVIRONMENTAL CONDITIONS
L. r _
Atmospheric visibility A-.7 Bd N.A. 50 .1-1.0 1
Cloud patterns and 4
movements G-.7 Bd 10 50 1-10 1
Clov . height (oblique view
and shadow displacement) A-.7 Bd 1000 50 1-10 1
6. Currents
Current boundaries G-7 ) 1 1000 100 .1-1.0 7
Lagrangian observations of
surface objects -7 Bd 10-25 100 1-10 1

7. Sea lce
Location and trajectory of

bergs and floes =7 Bd 25 100 1-10 1
8. Sea State
Sea state (gli‘.er analysis)f .4-.7 Bd NA glitter | 1-10 1
pattern
2-13




IR Radiometry/Imaging for é\ipplies'to
Fisheries - Information for Tactical Decisions - 9. 5

Market Information, and Environmental Conditions !

FGround Observation
Resolution| F.O.V. | Accuracy] Frequency

— t Miles oK Deys
Applications Fee ' f

MARKET INFORMATION
E. Port Accessibility
lce cover 1000 50 7 (1)

L g

3. Fishing Pressure

o T L TN

Number of vessels on fishing grounds 25 100 7
- ENVIRONMENTAL CONDITIONS
e 5. _Weather
,, Sea surface temperature (indicative of local
. precipitation) 1000 50 0.2 1
Ay
i' 6. Currents
& Current boundaries (by sea surface temperature)] 100 100 0.5 7
§ Lagrangian observations of surface objects 10-25 100 1
f: 7. Sea ice
- Location and trajectory of bergs and floes 25 100 1
B :

iy
[ W

o S
b
+34
.
g=8
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Radar Scatterometry/Imaging for Applies to

Fisheries - Information for Tactical Decisions - Market Fig. 15
’ Information, and Environmental Conditions
“ "
Ground Cbservation

Resolutionl F.O.V.] Accuracy] Frequency

&Plicaﬁons Feet Miles Dozs

MARKET INFORMATION

1. Port Accessibility
lce cover 1000 50 - 7 (1)

Wave refraction (indicative of shoals) 50 50 - 30

3. Fishing Pressure
Number of vessels on fishing grounds 25 100 - 7

ENVIRONMENTAL CONDITIONS

5. Weather 4

Cloud patterns and movements 10 50 1

Precipitation 1000 50 1
7. Sea lce

Location and trajectory of bergs and floes 25 100 1
8. Sea State

Sea state NA 50  |NBN (0-12P 1

2-15
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Precision Ranging for

Fisheries - information for Tactical Decisions -~ Market
Information, and Environmental Conditions

Applications

MARKET |NFORMATON

ENVIRONMENTAL CONDITIONS
5. Weather
Depressions and elevations indicative
of barometric high and low pressure
cells

6. Currents
Surface slopes associated with
geostrophic flows .

8. Sea State
Swell height and wavelength

Field of {Sample
View Spacing
Miles Miles
100 1
300 10
25 .002

ootprint
iameter

10

10

Applies to
Fig. 15

Accuracy

10

10

25

Observation
Fraquency

2-16
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Microwave Radiometry for Fisheries - |nformation for Tactical

Applies to

Decisions-Market Information, and Environmental Conditions Fig. 15
r Field of |Ground | Accuracy Accuracy {Accuracy |Accuracy |Observation
View Resolution| Heat Flyx  |Sea State Jemp Salinity |Frequency
Applications Miles Feet cal/em*/min K o/00 Cays
AN SRR
MARKET INFORMATION
1. Port Accessibility
Ice cover 50 1000 7 (1)
ENVIRONMENTAL CONDITIONS
5. Weather
Atmospheric thermal
and humidity NA NA 1
profiles
Precipitation
(surface salinity
and cloud 0.5 1
emissivity)
Heat flux .02 1 J
6. Currents
Current boundaries 100 1000 0.5 7
(by sea surface
temperature)
8. Sea State
Sea state NA 50 INBN (0-12)

%l
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Laser Depth Sounding for Ficheries - Information for Tactical
Decisions - Market Information, and Environmental Conditions

Applications

MARKET INFORMATION
1. Port Accessibility
Water depth

ENVIRONMENTAL CONDITIONS

Applies to
Fig. 15
Sample | Ground Observation
Spacing | Resolution| Accurecy | Frequency
Feet Feet FCEL, Days
100 3 30

2-18



Visible and Near IRSpectrometry/Imaging for Applies to

Fisheries - Information for Tactical Decision-Fish Location and lﬁg. 16

Abundance, and Navigational and Catchability

- AN IO S
’ Spectral [Scectral | Ground Observation
Range  |Bandwidth| Resolution| F.O.V.] Sensijivity | Frequency
Applications H H Feet Miles | w/m“/ST/:| Days
* ———— 4-".
INDICATIONS OF FISH LOCATION AND
ABUNDANCE
1. Fleet Activities
High resolution imagery of
boats and wake patterns =07 Bd 25 100 1~-10 7
2. Uresence of Cover or Favorable
Water Mass or Botrtom Conditions
- Discolored water indicative
E of pollution 4-1.2 .05 100 50 01-.1 3
K Turbidity A-.7 .l 100 50 .1-1.0 1
A Floating objects -7 Bd 25 50 1-10 3
} Chlorophyll 4-1,2 .05 1000 50 .1-1.0 3
A Shallow water color shift =7 .01 100 50 .1-1.0 30
. Seaweed .6-1.2 .02 100 50 .1-1.0 30
o 3. Presence of Associated
¥ Organisms
Bird flocks =7 Bd 25 50 1-10 7
i Porpoises A4-.7 .05 25 50 .1-1.0 7
- Forage organisms A4-.7 .01 100 50 .01-.1 7
s
g 4, Bioluminescence ~
'{; e Bioluminescence (fish schools) 45-.50 .1 50 50 .01-.1 7
5 5. Oceanic Fronts '
§, Chlorophyll 4-1,2 .05 1000 50 .1-1.0 3
5 Water color A4-.7 .1 1000 50 .1-1.0 3
% A Sea state (glitter analysis) A-7 Bd NA glitter | 1-10 3
i pattern '
E Cloud cover 4-.7 Bd 1000 50 1-10 3
g 6. Upwellings
< Chlorophyll 4-1,2 .05 1000 50 .1-1.0 3
B Water color -7 .1 1000 50 .1-1.0 3
Y Sea state (glitter analysis) | .4-.7 Bd NA glitter | 1-10 3
?i rpattern .
9 Cloud cover A4=-.7 Bd 1000 50 1-10 3
NAVIGATIONAL AND CATCHABILITY
INFORMATION
- 6. Shoals
B Water depth =7 .01 100 50 .1-1.0 30
8. Thermocline Topography
A Sea state (glitter analysis
for surface internal waves
& intensity of wind mixing)| -Y4-.7 Bd 50 - 100 1-10 7
. Obstacles to Fishing
Water color (pollution) 4-1.2 .05 100 50 .01-.1 3
0il slicks (glitter analysis)| .4-.7 Bd 100 50 1-10 1
Submerged objects b=.7 .01 10 50 .1-1.0 30
Water depth =7 .01 100 50 1-1.0 5 49 30
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IR Radiometry/Imaging for

Fisheries ~ Information for Tactical Decision - Fish Location

and Abundance, and Navigational and Catchability

Applies to
Fig. 16

2-20

Ground Observation 3
o Resolutionf F,O.V. | Accuracy| Frequency
Applications Feet Miles oK Days
INDICATIONS OF FISH LOCATION AND ABUNDANCE
5. Oceanic Fronts
Sea surface temperature 1000 50 3
6. Upwellings
Sea surface temperature 1000 50 3
NAVIGATI10ONAL AND CATCHABILITY iNFORMATION
7. Shoals
Sea surface temperature (turbulence in lee
of shoals) 100 50 1.0 30
8. Thermocline Topography
A Sea surface temperature 1000 50 7
Internal waves 300 50 7
9. Obstacles to Fishing
0il slick emissivity and temperature 100 50 1

&



Radar Scatterometry/Imaging applies 6to
g. |

Fisheries - Information for Tactical Declision - Fish Locatlon
and Abundance, and Navigational and Catchability

Ground Observation
F.O.V.] Accuracy] Frequency

Resolution

Aeglicaﬁons Feet Miles Dczs

INDICATIONS OF FISH LOCATION AND ABUNDANCE

NAVIGATIONAL AND CATCHABILITY INFORMATION

7. Shoals
Sea state (wave refraction patterns) 50 50 - 30

9. Obstacles to Fishing
Sea state (oil slicks) 100 50 NBN (0-2) 1

2-21




Precision Ranging for

Applies to

Fisheries - Information for Tactical Decision - Fish Locatijon Fig. 16
and Abundance, : - " avigational and Catchability ;
o Field of [Sample [Footprint Qbservotion
View Spacing [Diameter | Accuracy| Frequency
Applications Miles Miles Feet cm Days

INDITATIONS OF FISH LOCATION AND ABUNDANCE

MAVIGATIONAL AND CATCHABILITY INFORMATION

2=22



Microwave Radiometry for richeries - Information for Tactical A.pplies to
Decision-Fish Location and Abundance, and Navigational and Catchabfﬁﬁly 16

#—.
Field of |Ground | Accuracy Accuracy |Accuracy |Accirazy | Observation
Viaw Resolution| Heat Flyx |Sea State | Temp Salinity | Frequency
Applications | Miles | Feet |colfem’/min] _ [K _ Jofeo | T
- AR
INDICATIONS OF FISH
LOCATION AND ABUNDANCE
5. Oceanic Fronts
Sea surface
temperature 50 1000 .05 3
Sea surface 50 1000 0.5 3
salinity
Cloud cover 50 1000 3
6. Upwellings
Sea surface
temperature 50 1000 0.5 3
Sea surface
salinity 50 1000 0.5 3
Cloud cover 50 1000 3
NAViGATIONAL AND CATCH-
ABILITY INFORMAT:ON
7. Shoals
Sea surface salinit& 50 100 1.0 30
Sea surface temp-
’ erature (turbulenke
' in lee of shoals)] 50 100 1.0 30

8. Thermocline Topograph’
A Sea surface
temperature 50 1000 7

9. Obstacles to Fishing
Sea surface

temperature (oil

slicks) 50 100 1

2-23




Laser Depth Sounding for
Decision-Fish Location and Abundance, and Navigational and

Catchability

——

Fisheries - Information for Tactical

S

A
INDICATIONS OF FISH LOTATION AND ABUNDANCE

Applications

NAVIGATIONAL AND CATCHABILITY INFORMATICN

7.

9.

A

Shoals
Water depth

Water depth

Obstacles to Fishing

Applies to

J

Fig. 16
_ —
Emple Cround Observation
Spacing | Resolution| Accuracy | Frequency
Feet Feet Feet Days
100 30
100 30




Visible and Near IR Spectrometry‘Imaging for Applies to

Fisheries - Improved Harvesting-Eff;c;ency of Capture Methods, Fig. 17
Advantages of Unconventional Processing, and Benefits of

Aqua - S _——ﬂ .
E Spectral [Spectral | Ground Observation

Range  |Bandwidth| Resolution] F.O.V.| Sensifivity | Frequency
’ Applications M M Feet Miles | w/m“/ST/4| Days
S m

RELATIVE EFFICIENCY or VARIOUS
CAPTURE METHODS
1. Gear Avoidance by Fish

Turbidity -7 .05 100 50 .1-1.0 INT

ADVANTAGES ASSOCIATED WITH
UNCONVENTIONAL PROCESSING
APPROACHES

BENEFITS OF AQUACULTURE RELATIVE
TO TRADITIONAL FiISH HARVESTING
MEANS

SRR A At

4
:
:
E
;é
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IR Radiometry/Imaging for

Fisheries - Improved Harvesting-Efficiency of Capture Methods,

Advantages of Unconventional Processing, and Benefits of Aquaculture

Apglications

Feet

RELATIVE EFFICIENCY OF VARIOUS CAPTURE METHODS
1. Gear Avoidance by Fish

A Sea surface temperature (as indicative of
thermocline depth)

ADVANTAGES ASSOCIATED WITH UNCONVENTIONAL
PROCESS ING APPROACHES

BENEFITS OF AQUACULTURE RELATIVE TO TRADITIONAL
FISH HARVESTING MEANS

Applies to

Fig.

17

3

Ground Observation
Resolution| F.O.V. | Accuracy| Frequency
Miles N Days
NA 10 0.5 14

2-26




gfgpr,Scoﬂeromfryﬂmagiﬂg forFisheries-Improved Harvesting- Applies tc
iciency of Capture Methods, Advantages of Unconventional Fig. 17

Processing, ancd Benefits of Aquaculture

Ground
Resolutio

AEBH cations Feet
SRR N

RELATIVE EFFICIENCY OF VARIOUS CAPTURE METHODS

QObservation
Frequency
Days

ADVANTAGES ASSOCIATED WITH UNCONVENTIONAL
PROCESS ING APPROACHES

BENEFITS OF AQUACULTURE RELATIVE TO TRADITIONAL
FISH HARVESTING MEANS

2=27




g

H?cision chﬁi for Fisheries - Improved Harvesting- Efficiency Applies to
of Capture e’t\:?wods, Advantages of Unconventional Processing, Fig. 17
and Benefits of Aquaculture

L R
Field of |Sample [Footprint Observation q.]
View Spacing Pi Accuracy| Frequency
2.pplications Miles Miles cm Cays
e
RELATIVE EFFICIENCY OF VARIOUS CAPTURE
METHODS
: ADVANTAGES ASSOCIATED WITH UNCONVENT I ONAL
PROCESSING APPROACHES
i BENEFITS OF AQUACULTURE RELATIVE TO
% TRADITIONAL FISH HARVESTING MEANS
i
%
o
I
A‘(‘.vs:
-
o
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icrowave Radiometry

of Capture Methods, Advantages of Unconventional Processing and

Benefits of Aguaculture

TR

Applications

Field of

View

Miles

RELATIVE EFFICIENCY OF
VARIOUS CAPTURE METHODS
1. Gear Avoidance by Fish
A Sea surface
temperature (as
indicative of
thermocline depth

ADVANTAGES ASSOCIATED WITH
UNCONVENT | ONAL PROCESS-
ING APPROACHES

BENEFITS OF AQUACULTURE
RELATIVE TO TRADITIONAL
FISH HARVESTING MEANS

10

2-29

for Fisheries-Improved Harvesting-Efficiency  Applies to
Fig. 17
Ground | Accuracy Accuracy | Accuracy |Accuracy | Observation
Resolution| Heat Flfx Sea State | Temp Salinity | Frequen.y
Feet cal/cm®/min oK o/00 Days -
*& S —— ————
NA 0.5 14




Laser Depth Sounding for Fisheries - Improved Harvesting-EfficiencyAPP”e-" to

of Capture Methods, Advantages of Unconventional Processing,

and Benefits of Aquaculture

W

Applications

RELATIVE EFFICIENCY OF VARIOUS CAPTURE METHODS

ADVANTAGES ASSOCIATED WITH UNCONVENTIONAL
PROCESSING APPROACHES

BENEFITS OF AQUACULTURE RELATIVE TO TRADITIONAL
FISH HARVESTING MEANS

TSl ]

Spacing

Resolution

Fig. 17

Ground Observation ‘

Accuracy

Frequency

2-30

Feet Feet Feet Days




Visible and Near IRSpectrometry/imaging for Applies to

Hazards - Historical Weather iInformation - Fig. 18
Atmospheric Conditions
_AlA_

| ;’————-——-' Spectral [Scectral | t>round Observation
Range Ban.widih | dasolution| FLOLV. Sensijivity Frequercy
Applications M M Foet Miles | w/m®/ST/,{ Days
SR —— }
ATMOSPHERIC CIRCULATION
1. Surtace Wind Vectors and Fetch

Smoke "rails b-.7 Bd 100 100 1-10 ]
Cloud patterns over relief y
_features, cloud motion b-.7 v 10 50 ' '
Foam, white caps 4.7 .05 NA 20 =1 "
Sea state (glitter) A-7 Bd NA Plitter 1-10 "
pattern
2. Vertical Motion iy
Cloud mosaics 4-.7 8d 10 50 1-10 1
blique view of cloud 3
height " Bd 10 horizon 1-10 "
3. Wind Profiles Aloft N
] Cloud motion " " 10 50 1-10 I |
A Jet vapor trails " L 300 50 1 "
ATMOSPHERIC CONTENT
4, Water Vapor and lce Profiles
| Clouds, visibility 5.7 i UM — T "
’ 5. Impurities
Visibility (haze, gases, 4
smoke) 4-1.0 .05 10 50 -1 "
6. Air Density I
Clouds " 8d 10 50 1-10 "
7. Cloud Cover, Fog, Haze, Smoke o
VisibiTity b-.7 Bd 10 50 Y-10 T
L _Cloud mosaics ih-] ' ! ' 1-10 !
Smoke L4-1.0 .05 " " 1-1 "
PHYSICAL STATE
8. Insoiation/Albedo
Reflected energy L 4-.7 Bd NA 5 =1 "

10. Pressure/Density Structure
Cloud formation at overlap
of air masses L4-.7 " 10 50 1-10 ]

=




IR Radiometry/Imaging for Applies to

Fig. 18
Hazards - Historical Weather Information -
Atmospheric Condlitions )
S~ ey e S A — AN
Ground {Observation
Resolution} F.O.V. | Accuracy| Freqency
Applications Feet Miles oK Days
0 Sy ——

ATMOSPHERIC CIRCULATION
2. Vertical Motion l

Cloud mosaics loh 50 NA 1

Indications of thermal rise or precipitation 10 50 NA ]
3. Wind Profiles Aloft l .

Cloud motion 10 50 . NA ‘ 1
ATMOSPHERIC CONTENT
L. Water Vapor and lce Profiles I {

Clouds )ou 50 ' NA ]

Cloud temperature 10 50 . "
5. Impurities %

05, €O, Absorption NA 5 :  NA ]
PHYSICAL STATE I
8. Tnsolation/Albedo H'

Reflected energy NA 5 " NA 1

Lo .i)
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Radar Scatterometry/Imaging for

Hazards - Historical Weather Information -
Atmospheric Conditions

Agehcaﬁons

Applies to

M
Ground ‘bservation

Resolution| F.O.V.| Accuracy] Frequency

Feeu:“es**i.m—

ATMOSPHERIC CIRCULATION
1. Surface Wind Vectors and Fetch
Surface roughnass

2. Vertical Motion
Cloud mosaics

3. Wind Profiles Aloft
Cloud motion

ATMOSPHERIC CONTENT
4. Water Vapor and Ice Profiles
Clouds

6. Air Density
Cloud density

7. Cloud Cover, Fog, Haze, Smoke
Cloud mosaics

PHYSICAL STATE

10 50 {NBN(0-12) 1

i0 50 NA "




Precision Ranging for

Hazards - Historical Weather Information -

Atmospheric Conditions

Applizations

e

ATMOSPHERIC CIRCULATION
2. Vertical Motion
Cloud height
Sea level variations due to surface
pressure change

ATMOSPHERIC CONTENT
4. Water Vapor and lce Profiles
Cloud height

PHYSICAL S1..TE

10. Pressure Density Structure
Sea level for surface pressure

Miles Miles
e
50 2
100 ]
50 2
100 ]

Field of [Sample Eootprint
View iameter

Spacing

Feet

103

103

10

10

Applies to

Observation
Accuracy| Frequency
cm Days
th 1
10 "
,0“ " .
lo 11




Microwave Radiometry

Hazards - Historical Weather Information - Atmos;':eri~ Conditions

for

Applies to
Fig. 18

— r— PSR
Field of |Ground | Accuracy Accuracy | Accuracy |Accuracy |Observation
View Resolution]| Heat Flyx  |Sea State | Temp Salinity |Frequency
Applications Miles Feet cal/em</min :E_—.+Lo/_oo__- Days -
ATMOSPHERIC CIRCULATION
1. Surface Wind Vector
and FetCh ‘.
Sea state 100 th NBN(O-]ZA 1
Foam, white caps 100 10 .5 1
2. rtical Motion
Thermal profiles 5 NA 10% 1|
3. Wind Profiles Aloft y
Cloud motion 50 10 1 1
ATMCSPHERIC CONTENT
L. Water Vapor and lce
Profiles 4
Clouds 50 10 ! 1
Moisture profiles 5 NA |
6. Air Density 4
Eum:.gmm 20 10 ] ]
L Moisture profiles 5 NA 1 1
g
‘ 7. Cloud Cover, fog,
Haze, Smoke 4
Cloud mosaics 50 10 i 1
PHYSICAL STATE
8. _Insolation/Albedo
Reflected energy 5 NA .5 [ |
9. Temperature Profiles
Thermal profiles 5 NA 10% |




Laser Depth Sounding for Applies to

Hazards - Historical Weather Information - Fig. 18

Atmospheric Conditions e —
I Sample | Ground Observation 3
Spacing | Resolution| Accuracy | Frequency
Applications | Feet Feet Feet Days

e 1‘1*

T, TR § T

ATMOSPHERIC CIRCULATION

None

ATMOSPHERIC CONTENT

.
£
:

None

PHYSICAL STATE

None

PRSI T

T W ]




Visikl: cnd Near IR Spectrometry/lmaging fu

Hazards-Improved Weather Forecusﬁng-A:"r/ Sea/Land Interaction

Applics 1o

’ and Historical Weather Information Fig. 19
Speetial Popectiel [ Cround Obseivation
Range: Eandwidth] Resolution| FLOLV .| Sensitivity | Frequencey
/\pplicat’iong J M Feet Miles w/mz/ST/’ ays
FORCING FUNCTIONS
I. Insolation _
Visible albedo .4-.7 Proadband | NA 50 |.1-1.0 1
COUPLING MECHANISMS
4. Wind Ofress :
Sea state and wind fetch
(glitter analysis) JA-.7 " NA Glitter 1-10 1
Pattern
5. Evaporation/Precipitation 4
Cloud mosaics 4-.7 " '103 50 1-10 1
Cloud height (oblique view) 4-.7 " 10 to 1-10 1
horizon
6. Freezing/Melting 3
Pack ice boundaries A4-.7 " 10 100 1-10

0

Wm s



IR Radiometry/ Inuu\)ﬂilng for
Hazards-Improved Weather Forecasting
and Historical Weather Information

Air/Sea/lLand Interaction

Applics to
Fig. 19

Ground Observation
. Reselution) F.OV. | Accuacy| Frequency
Applications Feet Miles °K Days
FORCING FUNCTIONS
1. Insolation ‘
IR albedo NA 50 10% 1
COUPLING MECHANISMS
. Etvaporation/Precipitztion 5
Surface temperature 10 2 300 .5 1
Cloud mosaics 10 50 NA i
6. Freezing/Melting o
Surface temperature 103 100 5 14
Pack ice boundaries 10 100 1.0 30

3-8




IR TR T RS T e

adar Scattcrome!ry/Imaging for

Hazards-Improved Weather Forecasting-Air/Sea/land Interaction
and Historical Weather Information

Applies to

Fig. 19

FORCING FUNCTIONS

COUPLING MECHANISMS

4, Wind Stress
Sea state and wind fetch

5. Evaporaticn/Precipitation
Cloud mosaics

6. Freezing/Melting
Pack ice boundaries

Ground Observation
Resolutionl F,O.V.| Accurocy] Frequency
Applic:tions Feet | Miles Days
104 100 [NBN(0-1 Z)J i
104 50 cloud 1
detection}
3 .
10 100 ice 30
detectiony

3-9



Precision Ranging for

Applics to

Hazards-Improved Weather Forecasting-Air/Sea/Land Interaction Fig. 19
and Historical Weather Information
Field of 1Sample | ootprint Observation
View Spacing [Piameter | Accuracy | Frequency
Applications Miles Miles Feet cm Days
FORCIMG FUNCTIONS
COUPLING MECHANISMS
4, Wind Stress
Wave profiles for sea state S .002 5 25 |
5. Evaporation/Precipitction 3 4
Cloud height 100 10 10 10 ]
6. Freezing/Melting 3
Pack ice thickness 50 1.0 10 10 30

3-10




Microwave Rediometry for

Applics to

Hazards-Improved WeatherForecasting-Air/Sea/Land Interaction Fig. 19
Field of | Ground Accuracy Accuacy | Accuracy |Accuracy | Observation
View Resolution| Heat Tlyx - }Sea State | Temp Salinity | Frequency
Applications Miles Feot cal/cin”/min YK o/00 Days
s
FORCING FUNCTIONS
1. Insolation
Microwave albedo 50 NA 10% 1
COUPLING MECHANISMS
4, Wind dStress
Sea state and wind 4
fetch 100 10 NBN(0-12) 1
5. Evaporation/Precipitation
Atmospheric thermal
and humidi ofile 10 NA 10% ]
Surface temperature 1000 0.5 1
60-120 N 0.2 ]
Cloud mosaics 100 ] 1 }
6. Freezing/Melti
urtace temperature 5
and salinity 100 10 +0.5 0.5 14
Atmospheric thermal
rofiles jj 10 NA 10% ]
Pack ice thickness an 3
boundaries 100 10 0.5 0

3-11
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Laser Depth Sounding for Applies to
Hazards-Improved Weather Forecasting-Air/Sea/Land Interaction Fig. 19
and Historical Weather Informution
Sample | CGround Observation
Spacing | Resolution| Accuracy | Frequency
Applications Feet Feet Feet Days

P

FORCING FUNCTIONS

None

COUPLING MECHANISMS

None

3-12



Visiizle and Near IRSpectrometr)ﬂnmging for Anplics to
Hazards - Improved Weather Forecasting- Fig. 20
Air/Sea/Land Interaction and Historical Weather Information
Spechul [Spectral | Ground Obscivation
o Range Barhvidtl Resohution| 1. OV, Sensifivity | Frequency
Applications I " Feet Miles | w/m*/5T/|  Days
RESPONSE PATTERNS
I. Estuarine Circulation 3
Turbidity patterns 4-.7 . 10 25 -1 Int.
2. Ekman Transport
Trajectories of floating obiects " Bd. 10 10 =1 ]
Sea state, wind fetch, (glitter
analysis) " " NA litter 1-10 1
pattern
A Wave directional spectrum
(wave pattern) " " 200 100 1-10 ]
4. Atmospheric Motion
Sea state and wind fetch (glitter) " " NA litter 1-10 ]
pattern
A Wave directional spectrum (wave
n) ! " %8& 100 1-10 ]
I Eio:d Eaiﬁcfories and mosaics . " 28 50 T-10 T ]
Cloud height (oblique view m L 10 orizon [ I-10 T
5. Geostrophic Flow
Floating object trajectories " " 10 100 -1 1
7. Stratification
Surface-breaking internal waves
(roughness) 4-.7 0.1 300 100 =1 5
8. Barometric Loading
Cloud mosaics indicative of 4
high and low pressure cells A4-7 104 100 1-10 ]
Cloud height (oblique view) " " 10 horizon | 1-10 1
9. Surface and Internal Wave Genera&on
Surface-breaking internal wave
direction and wavelength 4-,7 0.1 300 100 -1 5
Sea state, wind fetch, glitter 4-7 Bd. NA glitter 1-10 1
pattern
Surface wave directional
um A4-.7 " 200 100 1-10 1
| Cloud patterns indicative of 4
l__storms 4-.7 " 10 50 1-10 ] J
10. Diurncl Tides
Width of intertidal zone " " 204 20 10 7
Tuibidity patterns " .05 10 25 -1 1
3-13




Viswie and Near IKSpectrometry/imaging for Applies to

Hazards - Improved Weather Forecasting - Fig. 20
Air/Sea/Land Interaction and Historical Weather Information
Spectral |Spectral | Ground Observation )

Range  Bandwidth | Resolution| F,O.V.| Sensifivity | Frequency

Applications H H Feet Miles | w/m“/ST1/, Days
RESPONSE PATTERNS (CONT'D)

1T, Upwellings, Convergences,

Divergences
Surface color contrasts, 3
chlorophyll .4-.7 .03 10 100 .01-0.1 14
W«L " 5 1 50 50| .1-1 14
Cloud patterns " Bd. 50 =10 7
ENERGY DISSIPATION
1Z, durt
Surf zone width 4-.7 Bd. 20 25 1-10 7
Bottom topography .4-.7 .01 100 100 L1-1 30
Swell wavelength 4-.7 Bd. 50 20 1-10 7
Spacing of wave groups .4-.7 " 100 50 1-10 7
13. Curren: and Wind Frictional Drag
Sea state and w'rd fetch (glitter .4~ " NA glitter 1-10 7
pattern

3-14




Ik Rodiometry/lmaging for Applics fo
Hazards - ImprovedWeather Forecasting Air/Sea/Land Fig. 20
Interaction and Historical Weather Information

Ground Observation
Resolution] F.O.V. | Accuracy| Frequency
Applications Feet Miles oK Days

RESPONSE PATTERNS

twﬂ #+
Surface thermal patterns 10 25 .5

2, Deep Water Circulation
Surface temperature in vicinity of submerging 3
water masses 10

3. Ekman Transport

Trajectories of floating objects 10 20 NA
4, i jon
| Cloud trajectories and mosaics jo* 50 NA
5. Geos ic Flow
[ §u§nt thermal boundaries 10 100 .5
Flooting object trajectories 0 X NA

7. Stratification
Surface-breaking internal waves 300 150 .

| I

9. Surface ard Internal Wave Generation
Surface-~breaking interral wave direction and

4
l
2

Z
>
- 1\3 - ~ —4\AL — - w w
Lj ) L ] U

wavelength %L 150 NA
[ Storm clouds ) _ 30
11. _Upwellings, Convergences, Divergences
ce temperature ‘ |54 25 1
Cloud patterns 107 50 NA

ENERGY DISSIPATION

3-15
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Radar Scatterometry/Imaging for Applics to
Hazards ~ Improved Weather Forecasting - Air/Sea/Land Fig. 20
Interaction and Historical Weather Information
Ground Observation )
Resolutiony F.O.V.} Accuracy] Frequency
Applications Feet Miles Days
RESPONSE PATTERNS
J. tkman lran:port
A Wave directional spectrum NA 100 10% ]
4, Atmospheric Motion 4
Cloud trajectories and mosaics 10 50 " ]
5. Geostrophic Flow
I Floating object trajectories 10 20 object 1
detection
7. Stratification
Surface-breaking internal waves (roughness) 300 100 NBN(0-2) 3
8. Baromefric Loading 4
3 Cloud mosaics 10 50 NA |
9. Surface and Internal Wave Generation 4 i
= 4 Sea state, wind fetch 10 100  |NBN(3-12 ]
1 Wave directional spectrum N 100 10% 1
o Storm clouds 10 50 NA 1
.; Surface-breaking intermal wave direction and -
e wavelength 300 100  |NBN(0-2) 1 D)
i 11. Upwellings, Convergences, Divergences 2
B Windrows of debris and foam 10 4 100 NA 5
B Cloud patterns 10 50 NA ]
©: ENERGY DISSIPATION
TZ.Surf
G Swell wavelength, spacing of wave groups 100 25 NA 3
-
3 13. Current and Wind Frictional Drag 4
Sea state and wind fetch 10 100 |NBN(0-12)] 3
)
3-16
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Precision Ranging for

Hazards - Improved Weather Forecasting - Air/Sea/Land
Interaction and Historical Weather Information

Applies to
Fig.

c!f Ficla cf [Sample zboip:?nht | Observation
' View Spacing [Diameter | Accuracy|] trequency
Applications Miles Miles Feet cm Days
RESPONSE PATTERNS
4. Ammospheric Motion 3 4
Cloud height NA NA 10 10 1
5. Geostrophic Flow 3
Surface slupe 300 10 10 10 int.
8. Barometric Loading 3
Surface slo 100 1 105 10, 1
Cloud height 50 2 10 10 1
9. Surface and Internal Wave Generation
Wave profiles for sea state 25 .002 5 25 1
10. Diumal Tides 3
Tidal amplitude 100 5 10 5 1
ENERGY DISSIPATION
IZ. Surf
Swell amplitude, wavelength, spacing of
wave groups 25 .002 5 25 1
3-17
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S
RESPONSE PATTERNS

Microwave Radionk try

for

Hazards - Improved Weather Forecasting Air/Sea/Land
Intormotion

Applications

Fiald of
View
Miles

Applics to
Fig. 20

Ground
Resolution
Feet

Accuracy
Heat Flyx
cal/cm’/min

Accuracy
Sca Staie

Accuracy
Tem
Qs p

K

Accuracy
Salinity
o/00

M

Cheervation
Frequency
Days

1. Estvarine Circulation
Surface thermal and
salinity pattems

Circulation
Surface temperature
and salinity in

vicinity of submergin?

water masses

Atmospheric Motion
Cloud trajectories
and mosaics

5. Geosirophic Flow

Current thermal and
salinity boundaries

Water Column

Deep Water (Thermocline

_

25

100

10

14

onv
A ic thermal
I profiles

10

NA

10%

8. ic Loadi
Atmospheric thermal
and humidi files
oud mosaics

9. Surface and Internal
Wave Generation

h
I Storm clouds

10%

NBN(0-12

11. Upwellings, Convergenc
Divergences
Surface temperature
and salinity
Cloud patterns

ENERGY DISSIPATION
. curren i
Frictional Drag
Sea state and wind
fetch

14. Heat Radiation
Heat flux

38

100

50-100

NA

0.2

NBN(0-1 2{

10
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G laser Depth Sounding for Applics to

Hazards - Improved Weather Forecasting Air/Sea/Land Fig. 20

< Interaction and Historical Weather Information

g .r Sample Ground Observation
i Spacing | Resolution] Accuracy | Frequency
i Applications Feet Feet Feet Days

RESPONSE PATTERNS

ENERGY DISSIPATION
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Visible and Near IR Spectrometry/Imaging for Applies to
Fig. 21

Hazards - Location and Character of "E
5 Navigational Hazards 7
e —m .
| Spectral {Spectral j Cround Observation
Range  |Bandwidth | Resolution| F.O.V.| Sensifivity | Frequency
Applications M M Feet Miles | w/m“/ST/ Days
NATURAL
1. High Winds
Sea state
(glitter analysis) " " NA glitter] 1-10 ]
— attern
{ Cloud drift T n 16k7 50 Ll ]
2. High Seas
Sea state
: (glitter analysis) " " NA glitterf " "
i Fattern
% A 4. Kelp and Sargassum
A Surface vegetation A-1.2 .05 50 25 -1 30
Variations in shallow water
é color A-17 .01 300 25 -1 30
, 5 Fog y
4 Atmospheric visibility 4-.7 . 10 100 1-10 1
i 6. shoals J
3 Color indications of bottom _
3 discontinuities JA=.6 0.0] 100 25 L1-1 30
] Sea state (wave refractive " Bd 200 100 1-10 L
3 patterns)
; 7. Sea lce
g Mapping of size and extent 3
2 of ice fields 4-.7 Bd 10 50 1-10 7
'3
3 ARTIFICIAL
:§ 9. Marine Engineering Structures
Color indications of
bottom discontinuities 4-.6 .03 300 25 -1 30
O 10. 0ffshore Dumping
A Color Indications of bottom ).4-.6 .03 300 25 Y 30
discontinuities
Shipwrecks
Color indications of bottom
discontinuities b-.6 .03 300 25 -1 30
Other Ships
Visible sighting A-.7 Bd 25 5 1-10 .05 ,i)
3-20
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IR Radiometry/Imaging for ;:.pplies to
ig.
e Hazards - Location and Character of Navigational Hazards 8. 21
Ground Observation
Resolution| F.O.V. | Accuracy| Frequency
Applications Feet Miles ok Days
NATURAL
1. High Winds 4
Cloud drift 10 50 NA 1
5. Fog 4
Temperature profile 10 100 2 1
7. Sea Ice
Pack ice boundaries 1000 5N - 7(1)
Bergs and floes ~ 25 50 - 1
8. Icing Conditions 5
Temperature profile 10 100 1 1
ARTIFICIAL
Z&lo. 0ff Shore Dumping
A Emissivity changes due to slicks 100 15 .1 2
£>l3. Other Ships
Temperature discontinuities 100 5 .1 .05

o'

3-21
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Radar Scatterometry/Imaging for ?Ipplies to
: Hazards - Location and Character of 9. 21
; Navigational Hazards

round Observation
¥ Resolutionf F.O.V.] Accuracy] Frequency
Applications Feet Miles Days

NATURAL

1. High Winds
‘ Directional spectrum of sea and swell NA 50 ‘|0° !
Overall surface roughness NA 10 NBN(0-12)| "
7, Radar-cloud drift and clear air turbulence 4
1 waves 10 50 NA "
? Z. High Seas 5
3 Overall surface roughness 10 100 NBN(3-]2)F "
5 .
¥ 3. Long Period Swells 3
£ Swell wavelength 10 50 NA . "
§ A L. Kelp and Sargassum
:f A Overall surface roughness (imaging) 100 20 30
¥ 6. Shoals
4 Overall surface roughness (imaging) 200 50 NBN(3-12)} 30
1 7. Sea Ice 3 4
Pack ice boundaries 10 50 7(1) 3
Bergs and floes 25 50 1
8. lcing Conditions 5
3 Overall surface roughness (scatterometry) 10 100 NBN(3-12) 1
; ARTIFICIAL
9. Marine Structures
A Roughness indications of submerged structures 100 10 NBN(3-]2{ 30
A 10. 0ffshore Dumping
E A Roughness indications of submerged structures | 100 10 NBN(3-12)] 30
f D 1. Shipwrecks
A Roughness indications of submerged structures 100 10 NBN(3-12 30
i A)13. Other Ships
¢ A Ship Tracking 25 50 ship .05
é *etectlon
R 3-22
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Precision Ranging for

Hazards - Location and Character of Navigational Hazards

Applications

NATURAL

3. Long Period Swells
Wave profiling

ARTIFICIAL

View
Miles

.004

10

Applies to
Fig. 21

Accuracy
cm

25

Observation
Frequency
Days
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Microwave Radiometry for

Applies to

F. L ]
Hazards - Location and Character of Navigational Hazards '9. 21
- Field of |Ground | Accurazy Accuracy | Accuracy IAcc;urcn.:y Observatio - ;
View Resolution Hea/t Fi X Sea State | Temp Sal/inify Frquuency —
icati Miles Feet cal/em”/min K o/o00 ays
Applications i
NATURAL
1. High Winds .
Surface roughness 50 10 NBN(3-12 1
2. High Seas 4
Surface roughness 50 10 NBN(S—lZ)ﬂ 1
D4, Kelp & Sargassum
Surface roughness 50 25 NBN (0-2) 30
5. F .
{ Humidity pcofile 50 10 2 1
6. Shoals
Surface roughness 25 100 &\IBN(}-IZ) 30
7. Sea Ice
Pack ice ioundaries 50 1000 7(1)
Ice thickness 50 1000 1
8. Icing Conditions 5
«_Sea state 300 105 BN(3-12) — 1
Humidity profile 300 105 1 3
Temperature 300 10 .5 1 o
ARTIFICIAL
9. Marine Eng. Structureq
A Surface roughness 20 200 #IBN(O—IZ) 30
D10, 0ffshore Dumping
A Salinity changes 15 100 1 2
3-24




Laser Depth Sounding for :.'pplies to
. Hazards - Location and Character of Navigational Hazards 9. 2

mple | Ground Observation
Spacing | Resolution] Accuracy ! Frequency

Applications Feet Feet Feet Days

NATURAL

6. Shoals
Bottom topography 300 300 3 30

ARTIFICIAL

9. Marine Structures
Bottom topography 50 50 5 30

A10. 0ffshore Dumping
A Bottom topography 50 50 5 30

A1, Shipwrecks
A Bottom topography 50 50 5 30

| 3-25
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Visible and Near IR Spectrometry/lmaging for Applies to
Hazards - Advanced Warning of Hozards Fig. 22
Spectral |Spectral | Ground Observaﬁo;
Range Bandwidth|Resolution| F.O.V.| Sensitivity | Frequency
Applications M M Feet Miles | w/m /ST/ﬁ Days
2. Hurricanes glitter
Sea state discontinuities +4-.7 |broadband NA pattern| 1-10 i
3. Storm Surges
Sea state . ‘
Glitter analysis o-,7 " NA glitter |1-10 |
pattern
4. High Seas
Sea state .
Glitter analysis .4=.7 |broadband] NA |[glitter |1-10 ]
pattern
A Foam A4-7 | .05 " 5 .- |
5. Biological Infestation:
Color variations in estuaries and
coastal waters (sea urchins
destroying kelp, etc.) .6-1.0 .02 50 50 =1 14
6. Toxic Spills glitter .
(glitter) a=-.7 Bd 300 1-10 Inc.
Surface slicks ., 1or) 3-.8 | o0.05 | 300 [Pa86eT™| Los-1 ,
Turbidity =7 0.03 500 50 01-.1 Inc. :)
7. 0il Spills glitter
(glitter) Ja-.7 Bd 300 1-10 Inc.
Surface slicks (.;10r) 3-.8 | o0.05 | 300  [Pa56e™™ | Los-1 Inc.
A Turbidity -7 0.03 500 50 .01-.1 Inc.
8. lce Fields lp 3
Reflectivity of visible energy .4-.7 proadband |- 10 50 1-10 7
9. lce Bergs ,
Reflectivity of visible eiergy A7 " 25 20 1-5 ]
A0, Debris
A Visible large surface deposits .4-1.0 0.05 100 50 =1 7
' 3-26




IR Radiometry/Imaging for Applies to
Hazards - Advanced Warning of Hazards Fig. 22

e lGround Observation

- Resolution] F.O.V. | Accuracy| Frequency
. Applications Feet Miles °K Days
6. Toxic Spills
Isothermal mapping of spill 300 2 0.1 Inc.
7. Oil Spills
: Isothermal mapping of spill 300 20 0.1 Inc.
8. fes i ‘
Temperature discontinuities 1000 50 1.0 7 I
f 9. lre Bergs
Temperature discontinuities 25 50 1.0 7
3-27
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Radar Scatterometry/imaging for A.pplieé to
. Hazards - Advanced Waming of Hazards Fig. 22
£ Ground Observation )
4 Resolutiony F.O.V.] Accuracy] Frequency
Applications Feet | Miles Days

1. Tsunamis

2. Hurricanes

: Surface roughness 10: 50 INBN(3-12) 1

i Cloud cover 10 50 NA 1

4. High Seas 5

Overall surface roughness 10 100 [neN(3-12] 1

g 5. Biological Infestations 3

?;:z Roughness indications 10 50 INBN(0-2) Inc.
% 6. Toxic Spills 3

% Roughness indications 10 50 NBN(0-2) Inc.
H 7. Oil Spills 3

§ Roughness indications of surface presence 10 50 NBN(0-2) Inc.
3

3 8. Ice Fields

g Changes in surface roughness

3

3 ’
3 9. lce Bergs )
g Changes in surface roughness 25 50 object

3 detection
A0, Debris

3 A  Changes in surface roughness 25 50 object

% detection

4

:
%
B
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Precision Ranging for
Hazards - Advanced Warning of Hazards

Field of |Sample
View Spacing
Applications Miles Miles
. Tsunamis
2. Hurricanes
Geostrophic variations 50 |
3. Storm Surges
A Barometric pressure in the vicinity of
local generation 50 1
Wave profiling 5 .002

Applies to

Fig. 22

Accuracy

10

e

cm

Observation

Frequency
Days

Inc.

Inc.
Inc.
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Field of |Ground

Microwave Radiometr
Hazards - Advanced

Applications

Hurricanes
Surface roughness

Storm Surges
Surface roughness

High Seas
Surface roughness

Toxic Spills
Isohaline and iso-~
thermal mapping to
determine
disposition of spill

Oil Spills
Isohaline and iso-
thermal mapping to
determine
disposition of spill

Ice Fields
Decrease in salinity
due to sea ice
Temperature

for

arning of Hazards

View
Miles

50

50

100

25

100
100

Frequency
Days

Inc.

Inc.

Applies to
Fig. 22
Accuracy | Accuracy | Accuracy | Accuracy | Observatio. )
Resolution] Heat Flyx |Sea State | Temp Salinity
Feet cal/em®/min ok o/o0
S
4
10 INBN(3-12)
10t NBN(3-12)
10° NBN
10° 0.1 |10
10° 0.1 | 1.0
3
10 1.0
10° 1
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Laser Depth Sounding for Applies to
Hozards - Advanced Warning of Hazards Fig. 22

" ! gmple Ground Observation

Spacing | Resolution| Accuracy | Frequency

Applications Feet Feet Feet Days
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Visible and Near IR Spectrometry/Imaging for Qpplie;} to
g.

Cartography, Etc. - Area Exploitation

- Ground Observation
- Pesolution| F.O.V, Seps'?ilviry Frequency
Applications o Feet Miles | w/m“/ST Days
ACCURATE AND CURRENT MAPS AND
CHARTS
1. \Uchan & lndustrial Growth,
1 Shoreline alterations Mb-.7 Bd. 100 50 1-10 60
Manmade structures 4-.7 Bd. 10 10 -1 80
Shipping -7 Bd. 10-20 | 50 -1 INT (30)
2. Marine Construction & Dredglni
- Turbidity -7 N 100 50 A-1 INT (30)
New structures Ab-.7 Bd. 10 ! A= 60
; Shallow water color shift |.4-.7 .01 100 50 1-1 INT (39)
‘ 3. Agriculture Activities
Crop identity, quality,
quantity A-1.2 .05 100 50 .01-.1 14
: Soil quality 4-.8 .05 1000 50 A= 30
COASTAL SPACE QUALITY
4. Sedimentation Rate
Turbidity (littoral drift,
rip currents) 4-.7 N 10-50 10 -1 INT (30)
. Shallow water color shift [.4-.7 0l 1000 59 -1 30
f 5. Estuarine & Nearshore
: Circulation Patterns
4 Turbidity A-.7 . 100 50 -1 INT (30)
s Dye patterns -7 .01 50. 10 .01-1 1/24
& 6. Beach Character
g Beach width M-.7 Bd. - 10 50 10 INT (14)
i Offshore sand deposits A-.7 .01 1000 50 -1 INT (14)
& Intertidal zone width Jb-.7 Bd. 5-10 50 10 - INT (14)
;,z Shallow water color shift A-.7 .0l 1000 50 A= INT (14)
7. Natural Hazards '
Discolored water (due to
red tides, natural oil
seeps) 4-1.2 .05 100 50 D=1 INT (1)
Turbidity (as indicator of
strong currents) A-.7 . 10-50 10 =1 INT (14)
8. Water Quality
Turbidity 4-.7 .05 1000 50 A= INT (30)
Water discoloration -7 .02 100 50 .01-.1 INT (30)
Aquatic vegetation .6-1.2 .02 100 50 -1 INT (30)
9. Terrain Stability i
Surface structural geology |.4-.7 Bd. 100 50 1-10 int (1
& Year)
4-1




% IR Radiometry/Imaging for

1. Urban and Industrial Growth

New structures

COASTAL SPACE QUALITY
4. Sedimentation Rate

6. Beach Character
Beach width

7. Natural Hazards

8. Water 9uality

Applies to

Thermal pollution

9. Terrain Stability

.-} Cartography, Etc. = Area txploitation Fig. 23
Ground Observation
Resolution] F.O.V. | Accuracy} Frequency
Applications Feet Miles ° Days
o
ACCURATE AND CURRENT MAPS AND CHARTS
Shoreline alterations 100 50 60
Man-made ‘structures 10 10 60
Shipping activities 10-20 50 INT (30)
2. Marine Construction and Dredging
10 10 60
Littoral current patterns 10-50 10 | INT (30)
5. Estuarine and Nearshore Circulation Patterns
Sea surface temperature 100 50 .2 INT (30)
10 50 INT (14)
intertidal zone width 5-10 50 INT (14)
Surface temperature 10-50 10 .2 INT (14) 3
Surface temperature 1000 100 ] INT (30)
~10-50 | 10 ] TRY (30)
Surface structural geol 100 50 iy &
urface structural geology Year)




Radar Scatterometry/Imaging for
Cartography, Etc. - Area Exploitation

Applies to
Fig. 23

. Ground Observation
Resolutionf F.O.V.] Accuracy} Frequency
Feet Miles Days

AEBHcoﬁons

ACCURATE AND CURRENT MAPS AND CHARTS
I. Urban and Industrial Growth
Shoreline alterations
Manmade structures
Shipping activity

2. Marine Construction and Dredging
Surface roughness changes due to new structure

COASTAL SPACE QUALITY

6. Beach Character
Beach width
Intertidal zone width

9. Terrain Stability
Surface structural geology

100 50 60

10 10 60

10-20 | 50 INT (30)
F 1000 50 NBN(3-12 INT (30)

10 50 10 feet INT (14)

5-10 50 10 feet INT (14)

(1
100 50 INT ¢eary
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Precision Ranging for Applies to

Cartography, Etc. - Area Exploitation Fig. 23

Field of

Observation

View Spacing [Diameter | Accuracy| Frequency
Applications Miles | Miles Feet cm Days
e e —

ACCURATE AND CURRENT MAPS AND CHARTS

COASTAL SPACE QUALITY
5. Estuarine and Nearshore Circulation

Patterns 3

Tidal amplitude 100 5 10 10 INT (14)
6. Beach Character

Beach height 100 5 |03 10 INT (14)

Tidal amplitude 100 5 10 10 INT (14)
9. Terrain Stability

Land shifts 100 1 10 50 vt 1

Year)




Microwave Radiometry for

Cartography, Etc. - Area Exploitation

R
Field of [Ground | Accuracy |Accuracy
\Viaw Resolution] Heat Flyx Sea State
Applications Miles Feet cal/cm®/min
m_*—-
ACCURATE AND CURRENT MAPS
AND CHARTS
1. Urban and industrial
Growth
Saline and thermal
alterations 50 1000
COASTAL SPACE QUALITY
L. Sedimentation Rate
Estuarine
circulation 10 10-50
5. Estuarine and
Nearshore Circulation
Patterns
Surface salinity
(for tracing river
effluent) 100 50
7. Natural Hazards
. Surface temperaturel 10 10-50
8. Water Quality
Surface salinity 100 1000
Surface temperatur 100 1000

1

Applies to

Fig.

Accuracy
Temp
°K

1.0

23
Accuracy

Salinity
o/co0

1.0

Observation
Frequency
Duys )

INT(30)

INT(30)
INT(14)

INT (30)
INT(30)




Laser Depth Sounding for Applies to
Cartography, Etc. - Area Exploitation Fig. 23
————— e .
— gample Ground Obse-vation 3
Spacing | Resolution| Accuracy | Frequency
Applications Feet Feet Feet Days
W a—
ACCURATE AND CURRENT MAPS AND CHARTS
2. Marine Construction and Dredging
Bottom topography 50 ] INT (30)
COASTAL SPACE QUALITY
L. Sedimentation Rate
Bottom topography 1000 ] INT (30)
6. Beach Character
Nearshore bottom topography 1000 3 INT (14)




Visible and Near IR Spectrometry/Imaging for Applies to

I Cartography - Resources Management Fig. 24
Spectral [Spectrai | Ground Cbservation
Range  [Bandwidth | Resolution| F,O.V.] Sensifivity | Frequency
Applications I M Feet Miles | w/m“/ST/ Days '
w%v_
LOCATION, ACCESSIBILITY, NUALITY,
AND DEGREE OF EXPLOITATION OF
MINERAL DEPOSITS
1. Mineral Deposits
Bottom color (as index of
composition) G-.7 .05 100 10 .1-1.0 30-60
Natural pet:roleum slicks
(glitter) 4= Bd 300 hgtctc&rn 1-10 INC (69)
(color) .3-.8 .05 300 P 50 ,05-1.0 INe (60)
IDENTIFICATION OF POTENTIAL ENERGY
SOURCES
Q2. Tidal and Surf Action
Turbidity 4-.7 .1 100 50 .1-1.0 INT (60)
Width of surf zone -7 Bd. 10 50 1-10 INT (60)
Color shift due to depth 4-.7 .02 100 50 .1-1.6 INT (60)
A4, Rivers
A Turbidity indications of
flow rates at river mouth | .4-.7 .1 100 50 .1-1.0 INT (60)
e Local topography and
geological composition b=.7 .05 100 50 .1-1.0 INT (60)
A 5. Consistent Wind Patterns
A Sea state (glitter analysis) | .4-.7 Bd. N.A. |glicter 1-10 INT (60)
pattern
A 6. Ocean Currents
A Trajectories of floating
objects -7 Bd 100 50 1-10 TNN1/2-1)
Current boundaries b=.7 .1 1000 50 .1-1.0 INT(14)
Sediment patterns o-.7 .1 1000 50 .1-1.0 INT(14)
EXISTING AND POTENTIAL FRESH
WATER SOURCES
7. Standing Water Reserves
Areal extenr of bodies of
fresh water b7 Bd 100 50 1-10 7
Water depth (spectral shift) ] .4-.7 | .02 100 50 .1-1.0 7
Water discoloration (due to
pollution or plankton
bloom) u 4-1.2 .05 100 50 .01-.1 14
8. Frozen Water Reserves
Snow and glacier boundaries
(aresl extent) b=.7 Bd 1/2 mile ] 10 1-10 7 (1)
. ~@  Snow pack albedo =7 M - 10 2-5% 7 (1)
? ( accuracy
9. Nearshore Springs
Chlorophyll 4-1.2 .05 100 50 .1-1.0 INc (60)
4~7




Visivle auu inear IR3pectrometry/Imaging tor

Cartography - Resources Management

Applications

ASSESSMENT AND MANAGEMENT OF
MIGRATORY OR NONMIGRATORY LIVING
RESOURCES

10. Concentration of Marine
Organisms
Chlorophyll
Turbidity
Water discoloration (due to
pollution)
Surface roughness (seaweed
boundaries)

4-1.2
4-.7

04-’102

04--7

.05

Bd

—
Ground

Resolution

1000
1000

100

100

FQO.V.

50
50

50

50

Appiies to
Fig. 24

Sensifivity

Observa ﬁon)
Frequency

Feet Miles | w/m%/s T/= Days

[ "]

30
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IR Radiometry/Imaging for Applies to

Cartography - Resources Management Fig. 24

Ground Observation
Resolution] F.O.V. | Accuracy] Frequency

Applications Feet Miles oK Days

LOCATION, ACCESSIBILITY, QUALITY, AND DEGREE OF
EXPLOITATION OF MINERAL DEPOSITS
1. Mineral Deposits

Natural petroleum slicks 300 50 0.1 INC (60)
IDENTIFICATION OF POTENTIAL ENERGY SOURCES
as Ge:t;l:n:al Hea: 300 50 1.0 INT (1/2
A a emperature . Year)
A 4. Rivers
A Isotherm mapping at river mouth 100 50 0.5 INT (14)
5. Consistent Wind Patterns
Areas where wind mixing disrupts surtace
thermal structure 1000 100 0.5 INT (lﬂ

Q) 6. Ocean Currents
Lagrangian observations on floating objects 100 50 1.0 INT (1/2-1)
| Current boundaries 1000 50 N 0.5 INT (14)

EXISTING AND POTENTIAL FRESH WATER SOURCES
7. Standing Water Reserves

‘ Areal extent of bodies of fresh water 100 50 2.0 7
8. Frozen Kater Reserves
Snow and glacier boundaries (areal extent) rul/ 2 mil* 10 1.0 7 (1)
A Snow pack albedo - 10 1.0 7 (1)
9. Nearshore Springs
Sea surface temperature . 30 50 0.2 INC (60)
ASSESSMENT AND MANAGEMENT OF MIGRATORY OR NON-
MIGRATORY LIVING RESOURCES
10. _Concentration of Marime Organisms
Disposition of isotherms exceeding tolerance
range of important species 1000 50 0.5 7

™

i




Radar Scatterometry/Imaging for :«.pplies to
9.
Cartography - Resources Management 9. 24

X Ground Observation

Resolutionf F.O.V.] Accuracy] Frequency
Aeelicafions — Feet IMiIes Days

LOCATION, ACCESSIBILITY, QUALITY, AND DEGREE OF
EXPLOITATION OF MINERAL DEPOSITS
1. Mineral Deposits

Surface roughness (natural petroleum slicks) 300 50 INC (60)

IDENTIFICATION OF POTENTIAL ENERGY SOURCES
© A\2. Tidal and Surf Action

A Nearshore sea state 100 50 NBN(3—12)# INT (14)

A 4. Rivers

< A Local topography 100 50 INT (1 Year)
’ d\5. Consistent Wind Patterns

1 A Sea state N.A. 10 N(0-12) INT (14)

3 A6 Ocean Currents

2 A Lagrangian observations on floating objects 100 50 INT (1/2-1)
+ EX

ISTING AND POTENTIAL FRESH WATER SOURCES
7. Standing Water Reserves
Areal extent of bodies of fresh water 100 50 7 )

8. Frozen Water Reserves
Snow and glacier boundaries (areal extent) ~1/2 mile] 10 7

ASSESSMENT AND MANAGEMENT OF MIGRATORY OR NON-
MIGRATORY LIVING RESQURCES
10. Concentrations of Marine Organisms
Surface roughness (for delineation of seaweed
boundaries) 100 50 30

4-10




i
o Precision Ranging for Applies to
{ Fig. 24

Cartography - Resources Management

P

i ’ Field of Observation
g View Accuracy| Frequency
5 Applications Miles em Days
- R
LOCATION, ACCESSIBILITY, QUALITY, AND
DEGREE OF EXPLOITATION OF MINERAL DEPOSITS
. 1. Mineral Deposits 3
A Average tidal amplitude 100 5 10 10 INT (7)
&
o IDENTIFICATION OF POTENTIAL ENERGY SOURCES
A2, Tidal and Surf Action 3
A Tidal amplitude (local) 100 5 10 10 INT (7)
Wave profiles 5-10 ft.|] 1-2 50 INT (14)
Q5. Consistent Wind Patterns B
A Persistent slopes maintained by 3
coastal winds 300 10 10 10 INT (14)
L\6. Ocean Currents
A Sea surface slopes accompanying 3
geostrophic flows 300 10 10 10 INT (14)
EXISTING AND POTENTIAL FRESH WATER SOURCES
7. Standing Water Reserves
Water level in lakes, reservoirs,
rivers N.A. 1 100 25 7
ASSESSMENT AND MANAGEMENT OF MIGRATORY
OR NONMIGRATORY LIVING RESOURCES
|

4-11




D6.

Microwave Radiometry for

Cartography - Resources Management

Applications

LOCATION, ACCESSIBILITY,
QUALITY, AND DEGREE OF
EXPLOITATION OF MINERAL
DEPOSITS
1. Mineral Deposits
Natural petroleum
slicks

IDENTIFICATION OF pon-:nn?.

ENERGY SOURCES

Field of
View
Miles

50

AQ. Tidal & surf action

Nearshore sea state

/3. Geothermal Heat
A Land temperature
Rivers
A Isotherm and
isohaline mapping
at river mouth

Consistent Wind

A Patterns

Areas where wind
mixing disrupts
surface tempera-
ture, salinity,
heat flux and
sea state

Ocean Currents
A Current boundaries
(temperature, and
salinity)

EXISTING AND POTENTIAL

FRESH WATER SOURCES

7. Standing Water Reserv
Surface salinity
Areal extent

8. Frozen Water Reserves
Snow and glacier
boundaries
(areal extent)
A Snow pack albedo

9. Nearshore Springs
Surface salinity
Temperature

50

50

50

100

30

50
50

10

10

50
50

Applies to

Fig. 24 3
R ————————
Ground | Accuracy Accuracy | Accuracy |Accuracy | Observation
Resolution| Heat Flyx  |Sea State | Temp Salinity | Frequency
Feet cal/cm®/min °k o/00 Days
s A
300 INC (60)
100 BN (3-12) INT (14)
300 : (1/2
1.0 INTYear)
100 0.5 0.5 INT (14)
1000 0.2 0.5 0.5 INT (14)
1000 0.5 0.5 INT (14)
1000 5.0 INT (30)
100 2.0 7
~1/2 mil 2.0 7 (1)
- 2-5% 1.0 7 (1)
50 5.0 INC (50’
50 0.2 INC (60)

4-12
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, Microwave Radiometry for Mpliesz?
‘ Cartography - Resources Management Fig.
PO — —
Field of ]Ground | Accuracy Accuracy
View Resolution| Heat Flyx | Sea State gemp Salinity
Applications Miles Fcet cal/cm®/min K o/oo
P _— S
ASSESSMENT AND MANAGEMENT
OF MIGRATORY OR NON-
MIGRATORY LIVING RESOURCE
10. Concentrations of
Marine Organisms
Isotherms and
isohalines '
exceeding toleranT
range of importan :
species 50 1000 0.5 | 0.5
Surface roughness
(seaweed A ,: |
boundaries) 50 100 ?‘5

P
Accuracy |Accuracy |Observation

Frequency
Cays

30

4-13




Laser Depth Sounding for

Cartography - Resources Management

e

Applications

Specing
Feet

LOCATION, ACCESSIBILITY, QUALITY, AND DEGREE OF
EXPI.OITATION OF MINERAL DEPOSITS

1. Mineral Deposits
Water depth

IDENTIFICATION OF POTENTIAL ENERGY SOURCES
Z\Q. Tidal and Surf Action
A Nearshore bottom topography

EXISTING AND POTENTIAL FRESH WATER SOURCES
7. Standing Water Reserves
Water depth in lakes, reservoirs

ASSESSMENT AND MANAGEMENT OF MIGRATORY OR
NONMIGRATORY LIVING RESOURCES

300

200

200

Applies to
Fig. 24

Resolution
Feet

Accuracy
Feet

Saraple | Ground Observation 3

Frequency
Days

30-60

INT (60)

4=14



Visible and Near IR Spectrometry/Imaging for Applies to
Fig. 25
. tartography - Physical Conditions

Spectral |Spectrai | Cround Observation

Range  [Bandwidth | Resolution| F.O.V.] Sensitivity | Frequency
Applications M M Feet Miles | w/m /STl Days .
M ~_’ R
NAVIGATIONAL AND FISHING HAZARDS

ZST. Hazardous Currents
'y Delineation of current

. boundaries (color contrasts* b-.7 .03 1000 50 Jd-1.0 5
JAY R Biological Hazards
A Characteristic coloration of
phytoplankton blooms and
seaweed growth 4-1.2] .05 100 50 1-1.0 7

3. Shoal Water
Water depth (spectral shift,
turbidity, wave refractive
patterns) 4-.7 .02 100 50 .1-1.0 30 (¢ Int.-
after storms)

L., Sea lce

Ice color {age) 4-.7 .05 1000 50 .1-1.0 7
Sea ice boundaries A-.7 Bd 1000 50 1-10 7%
Bergs & floes " n 25 50 " !
. lcing Conditions 4
A Cloud formations " " 10 50 " 1
See state (glitter analysis) | .4-.7 " NA Glitter| 1-10 1
Pattern
6. High Winds and/or Heavy Seas
Sea state (glitter analysis) " " NA Glitter| 1-10 1
Pattern
7. Obstacles to Trawling
Depth & bottom type " " 100 50 " int (90)
ENGINEERING INFORMATION
8. Bottom (haracter
Bottom topography A-.7 .01 100 10 .1-1.0 Int (60)
Bottom composition (spectral
analysis) A4-07 .05 100 10 1-1.0 " (60)
l
9. Current Regime & Circulation
Fatterns
Turbidity patterns A-.7 .03 100 10 d-1.0 "o(14)
Surface manifestations of
internal waves (e.g.,slicks)] .4-1.2 .05 300 10 A-1.0 "o (14)
Current patterns (color
contrasts) A-.7 .03 100 10 .1-1.0 v (14)

K Daily coverage of the advance of Jice into|ports and]important shippingtlanes is n+eded.
Weekly coverage is sufficient in permanen{ & semt-p#rmanent p§ck ice rpgions.

Bd - Broadband
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IR Radiometry/Imaging for Applies to

, Fig. 25
Cartography - Physical Conditions
Ground Observation P
Resolution| F.O.V. | Accuracy| Frequency
Applications Feet Miles oK Days
NAVIGATIONAL AND FISKHING HAZARDS
Al. Hazardous Currents

A Delineation of current boundaries (thermal

contrasts) 1000 50 1.0 5
3. Shoal Water

Thermal contrasts indicative of shoals 100 50 1.0 30 (¢ int)
., S

Melting/forming potential (thermal contrast) 1000 50 1.0 5

Sea ice boundaries 1000 50 I.Q; 7%

Bergs & floes 25 50 1.0 1
5. lcing Conditions 4
A Cloud formations 10 50 NA ]
ENGINEERING INFORMATION
9. Current Regime & Circulation Patterns

Current patterns (thermal contrast) 100 10 1.0 Int (14)

Internal waves 300 10 0.5 v (14)

* See Footnote, Page L-15
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Radar Scatterometry/Imaging for Applies to

Fig. 25
Cartograph - Physical Conditions

.- Ground Observation

Resolution| F.O.V.| Accuracy] Freguency

AEEI ications Feet Miles qus

NAVIGATIONAL AND FISHING HAZARDS
3. Shoal Water

Surface roughness 100 50 30 (& Int)

Wave refractive patterns 100 50 30 (& Int)
L., Sea lce

Sea ice boundaries and gross topography 1000 50 7*

Bergs & floes 25 50 1
5. lcing Conditions

Cloud formations 104 50 ]

Sea state N.A. 50 PBN(3—12) ]
6. High Winds and/or Heavy Seas

Sea state N.A. 50 NBN(3-12) 1

Wave directional spectrum N.A. 50 10° ]

Wind fetch N.A. 50 N(3-12) |
ENGINCERING INFORMATION
9. Current Regime & Circulation Patterns

Surface manifestations of internal waves

(e.g., slicks) 300 10 PBN(O-Z) tat (14)

* See Footnote, Page 4-~15

‘ag
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Precision Ranging for

Cartography - Physical Conditions

Applications

NAVIGATIONAL AND FISHING HAZARDS

A,l . Hazardous Currents

A
3.

Surface slope (current vector)

Shoal Water
Wave refractive patterns

Sea lce
ice thickness

lcing Conditions
Wave profiling

High Winds and/or Heavy Seas
Wave profiling

ENGINEERING |INFORMATION

Field of
} View Spacing
Miles Miles
300 10
25 .002
50 1
25 .002
25 .002

iameter
Feet

103

103

Applies to
Fig. 25

Accuracy
cm

10

25

10

100

100

Frequency
Days

Observation

30

4-18
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Microwave Radiometry for

Applies to

—

Cartography - Physical Conditions Fig. 25
Field of |Ground | Accuracy Accuracy | Accuracy |Accuracy | Observation
View Resolution| Heat Flyx | Sea State | Temp Salinity |Frequency
Miles Feet cal/em®/min oK o/00 Days

Applications

NAVIGATIQONAL AND FISHING
~ HAZARDS
A\ .Hazardous Currents
Delineation of currenf
boundaries (thermal
and salinity contrastg

b.Sea lze
A Salinity correlations
lce thickness

S.Icing Conditions

) 50

50
50

1000

1000
1000

..----L-----ﬁ.----..--h-----4-----T-----T--

0.5 0.5 5

0.5

~~d

Atmospheric thermal
and humidity profile

50

N\AQ

10% o ]

Sea state

6.High Winds and/or
Heavy Seas
Sea state
Wind Fetch

ENGINEERING INFORMATION
9.Current Regime &
Circulation Pattern
Current patterns
(thermal and salinit
contrasts)

50

50
50

N.A.

z=Z
> >

100

NBN (3-12)

BN(3-12)
N(0-12)

0.5 0.5 int(14)
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Laser Depth Sounding for

Cartography - P! ‘al Conditions

"R

Applications

NAVIGATIONAL AND FISHING HAZARDS

3.

7.

Shoal Water
Bottom topography

Obstacles To Trawling
Genercl bottom topography

ENGINEERING INFORMATION

8.

Bottom Character
Water Depth

Applies to
Fig. 25
= mple | Ground Observation
Spacing | Resolution} Accuracy | Frequency
Feet Feet Feet Days
100 3 30 (sint)
300 3 Int (90)
100 2 Int (60)
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Visible and Near IR Spectrometry/imaging for

Applies to

Fig.

. Cartography - Physical Conditions 26
Spectral |Spectral | Ground ! Observation
Range  [Bandwidth|Resolution| F.O.V.| Sensijivity | Frequency
Applications p M Feet Miles | w/m®/ STé Day:
A AR - © : ST T
GEOLOGICAL PROCESSES
1. Coral Reefs
Reef boundaries and depth -7 .02 100 50 .1-1.0 1/2 vear
2. Erosion-Deposition
{ Shoreline morphology -7 Bd 100 50 1-10 30 (& INT) |
& Bottom topographical changes A-.7 .01 1000 50 .1-1.0 30 (& INT)
f Turbidity patterns JA-.7 .1 100 50 .1-1.0 1
? AB. Eustatic Sea Level Changes —
g A Terrestr-ial and ocean ice
E extent NN Bd 1000 50 1-10 INT(1/2 Year
£ Insolation/albedo A Bd NA 50 1-10
¥ Atmospheric transparency
% (pollution) a-.7 Bd N.A. 50 1-1.0 INT(1/2 Year)
& D4, volcanic Activity
1 A Visible indications (smoke,
steam, large ash deposits) A7 Bd 1000 50 1-10 INT (7)
GS Glaciation .
A ]| cGlacial extent and location | .4-.7 Bd 100 50 1-10 30 |
6. Pack Ice Dynamics
Pack ice bou. laries Ja-.7 Bd 1000 100 1-10 7-14
Ice color (age, thickness) -7 .05 1000 50 .1-1.0 7-14
Insolation/albedo A-07 Bd 1000 50 1-10 INT (14)
Ice structure (leads,
ridges. etc.) 4-.7 Bd 100 50 1-10 7-14
WEATHER CONDITIONS
7. Patterns of Weather
Sea state ob-.7 Bd NA plitter | 1-10 1
. attern
5 | _Cloud patterns and movements | .4-.7 _Bd_ ﬁ 30 | _1-10 | ]
; - Insolation/albedo 4.7 Bd N.A. 50 1-10 1
Cloud height (oblique view,
t shadow displacement) -7 Bd NA glitteqd 1-10 1
patterr
o
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IR Radiometry/Imaging for ;:.pplies to
% 1g.
g Cartography ~ Physical Conditions 9. 26
3: Ground ’ Observation }.
= Resolution] F.O.V. | Accuracy| Frequency
o Applications Feet Miles ok Days
GEOLOGICAL PROCESSES
2. Erosion-Deposition
Shoreline morphology 100 50 30 (& INT)
A 3. Eustatic Sea Level Charges
T A [ Polar ice pack extent 1000 100 INT (1/2 Year
" Insolation/albedo N.A. 50 ear
% Atmospheric emissivity properties (pollution) N.A 50 INT (1/2 Year)
4 Q4. vVolcanic Activity
% A Thermal characteristics 50 50 1.0 INT (7)
?; AS. Glaciation
$ A  Glacial extent and location 100 50 30
% 6.
e Pack ice boundaries 1000 100 7-14
g Insolation/albedo 1000 50 7-14
g Surface temperatme 1000 0 0.5 1-14
Ice structure (leads, ridges, etc.) 100 50 7-14
WEATHER CONDITIONS
7. Patter A 7 -
Surface temperature 104 50 1
: Cloud patterns and movements 10 30 1 |
: Insolation/albedo NA 50 1
4~22



Radar Scatterometry/imaging for Applies to

Fig. 26
Cartography - Physical Conditions

)

w

Ground Observation
Resolutionl F.O.V.] Accuracy] Frequency
AEBI’-.:‘ﬁons Feet Miles Days
GEOLOGICAL PROCESSES
2. Erosion-Deposition
Shoreline morphology 100 50 30 (& INT)
Q3. Eustatic Sea Level Changes
Polar ice pack extent 1000 100 INT (1/2 Year)
A 5. Glaciation
Glacial extent and location 100 50 30
6. Pack Ice Dynamics
Pack ice bourdaries 1000 100 7-14
Ice structure (leads, ridges. etc.) 100 50 7-14
WEATHER CONDITIONS
7. Patterns of Weather &
Sea state N.A. 50 BN(3-12) 1
Cloud cover 102 50 1
Precipitation (cloud density) 10 50 1

pe
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Precision Ranging for Applies to
Cartography - Physical Conditions Fig. 26
A - . e —————
Field of |Sample Eootprmr Observation
View Spacing [Diameter | Accuracy| Frequency
Applications Miles Miles Feet cm Days
R ——— R —
GEOLOGICAL PROCESSES
A\ 3. Fustatic Sea Level Changes 3
A Global mean csea level N.A. 100 10 10 INT (1 Year)
A4. Volcanic Activity
A Volcanic island profiles 100 1 10 50 INT (1 Year)
WEATHER CONDITIONS
7. Patterns of Weather
Sea surface depressions and elevations
indicative of atmospheric highs 3
and lows 100 1 103 104 1
Cloud height 50 2 10 10 1
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Microwave Radiometry for Applies to
X Fig.
Cartography - Physical Conditions 19 26
Field of |Ground Accuracy Accuracy [ Accuracy |Accuracy [Observation
View Resolution] Heat Flyx Sea State | Temp Salinity |Frequency
Applications Miles Feet cal/em®/min °k o/oo Days
s Y
GEOLOGICAL PROCESSES
3. Eustatic Sea Level
Changes 1/2
A Insolation/albedo 50 N.A. INT ée:u:)
Atmospheric
emissivity
properties (1/2
(pollution) 50 R.A. INT Year)
6. PACK ICE DYNAMICS
Pack ice boundaries
and thickness 100 1000 7-14
Atmospheric therma
and humidity
profiles 50 N.A. 7-14
Heat flux 50 N.A. 7-14
Surface temperature 50 1000 7-14
WEATHER CONDITIONS
7. Patterns of Wather 4
~Cloud cover 50 10 1
Temperature and 44--7
’ humidity profiles 50 N.A. 1
Heat flux 50-100 N.A& 0.2 1
Sea state _300 0l NBN(3-12 -
Precipitation 50 104 1
Surface temperature 50 10 0.5 1
Insolation/albedo 50 N.A. 1
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Laser Depth Sounding for

Cartography - Physical Conditions

e =

I

GEOLOGICAL PROCESSES
1. Coral Reefs
Depth profiles across reefs

2. Erosion-Deposition
Bottom topographical changes

WEATHER CONDITIONS

Spacing

50

300

[ Sample |

Applies to
Fig. 26

Resolution

Accuracy

Observation
Frequency
Days

J

Cround

1/2 year

30 (& INT)

4=-26
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Visible and Near IR Snectrometry/imaging for

Cartography, Hydrology, and Geologv - Coastal Structures

Applications

EVALUATING ALTERATIONS TO COASTAL
PROCESSES BY CONTROLLING
STRUCTURES (GROINS, JETTIES)

Sea state and refractive patterns
{(glitter amalysis)

Bottom color (as indicative of
composition)

Turbidity
Beach width and spectral
reflectance (as indicative of

composition)

Water color (as indicative ot
pollution)

Dye patterns (for tracing
pollution phenomena or sediment
transportation)

Changes in abundance or location
of benthic algae

Disposition of phytoplankton
blooms

Terrestrial vegetation

Nearshore bottom topography

Spectrai
Range

M

=7
.4-l7
=7

.4‘1-2

04-07
06-1-2

04-1n2
.4-1.2

04-07

Spectrel
Bandwidth
M

Bd

.05

.02

.05

CGround
Resolution
Feet

25
100
100
10-25

100

50 -
50-100

100
10

100

F.O.V.
Miles

50

10

10

10

10

10

10

10
10

10

whﬁn,/Sﬂdb

Applies to
Fig. 27

Sensitivity

1-10

.1-1.0

.1"1.0

01-100

.01-.1

-01-01

.1-1

01-100

1-10

Observation
Frequency

Days

INT (14)

30

INT (14)

INT (14)

1/24

30

INT (14)
INT (60)

7-14
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IR Radiometry/Imaging for Qpplies to
1g. 27
Cartography, Hydrology, and Geology - Coastal Structures
Ground Observation
Resolution| F.O.V. | Accuracy| Frequency
Applications Feet Miles OK Days
S N N —
EVALUATING ALTERATIONS TO COASTAL PROCESSES BY
CONTROLLING STKUCTURES (GROINS, JETTIES)
Thermal pollution patterns 100 10 +0.5 3
Isotherm mapping of current patterns 300 50 +0.5 INT (30)
Kelp bed extent (water temperature) 100 10 +0.5 30
Beach width 10-25 10 - INT (14)

4-28




S—
G

ety
pen

TS
LI

Radar Scatterometry/imaging for Applies to

%’ Cartography, Hydrology, and Geology - Coastal Structures Fig. 27
E Ground Observation

Resolutiond F.O.V.] Accuracy] Frequency

AEEIicoﬁons Feet Miles Days .

EVALUATING ALTERATIONS TO COASTAL PROCESSES BY
CONTROLLING STRUCTURES (GROINS, JETTIES)

Sea state and refractive patterns 10-20 50 4NRN(3-12) INT (14)

WORREETR

o
4y
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Precision Ranging for

Cartography, Hydrology, and Geology - Coastal Structures

Applications

Field of

View
Miles

Sample

Spacing
Miles

EVALUATING ALTERATIONS TO COASTAL PROCESSES
BY CONTROLLING STRUCTURES (GROINS, JETTIES)

Wave profiling

5-10
feet

ootprint
iameter

1-2

Applies to

~

Accuracy

Feet cm

+50

Observation -r

-~

Frequency
Days

INT {14)

e




Microwave Radiometry for

Applications

EVALUATING ALTERATIONS
TO COASTAL PROCESSES BY
CONTROLLING STRUCTURES
(GROINS, JETTIES)

Sea state

Isothermal and isohaline
mapping of current
patterns

View
Miles

50

50

P NS
Field of

Cartography, Hydrology, and Geology - Coastal Structures

Ground
Resolution
Feet

NA

300

Accuracy
Heat Flyx

cal/cm/min

4-3

Applies to
Fig. 27
Accuracy AccuracT Accuracy | Observation
Sea Stcte | Temp Salinity |Frequency
i o/00 Days °
*
NBN(3-12) INT (14)
0.5 0.5 INT (30)
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Laser Depth Sounding for

Cartography, Hydrology, and Geology -~ Coastal Structures

Applies to

Fig.

27

mple Observation ‘
Spacing | Resolution| Accuracy | Frequency
Applications Feet Feet Feet Eys
EVALUATING ALTERAT1ONS TO COASTAL PROCESSES BY
CONTROLLING STRUCTURES (GROINS, JETTIES)
Nearshore bottom topography 20 N.A. +3 7
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Visible and Near IRSpectrometry/Imaging for Applies to
Cartography, Hydrology, and Geology - Coastal Structures Fig. 28
' Spectral {Spectrai | Ground Observation
Range  |Bandwidth| Resolution] F.O.V.] Sensitivity ! Frequency
Applications M M Feet Miles | w/m /ST/E' Days
SRR N # ]
SURVIVAL OF MAN MADE COASTAL
STRUCTURES
1. Earthquake Forces and Motions
A Structural geology (locationr
of fault systems) 4-.7 Bd 100 50 1-10 INT (1 Year
- 2. High Wind Forces
S Sea state (glitter analysis
s and presence of whitecaps)].4~-.7 Bd NA glitter | 1-10 INT (7)
pattern
Cloud patterns N Bd 1000 50 1-10 INT (7)
Smoke plures -7 Bd 100 50 1-10 INT (7)
3. Tsunami Damage Potential
Nearshore bottom topography '
and coastline configuratioh .4-.7 .01 500 50 .1-1.0 INT (1 Year,
Tsunami wave trains (glitter) .4-.7 Bd 50 300 1-10 INT (1/24)
4. High Sea States
Sea state (glitter analysis)] .é4-.7 Bd NA glitter |} 1-10 INT (7)
pattern
Water Depth -7 .02 100 50 .1-1.0 INT
5. Effects of Normal Sea and
Swell Waves
Sea state npearshore -7 Bd NA glitter | 1-10 INT (7)
pattern
Wave refraction L4-.7 Bd 50 50 1-10 INT (7)
Surf zone width -7 Bd 10 50 1-10 INT (7)
6. Rates of Sediment Erosion
and Deposition
Nearshore bottom topography
and coastline configuratiop .4-.7 .01 500 50 .1-1.0 INT (7)
Turoidity 4-.7 .05 100 50 .1-1.0 INT (7)
Bottom composition 4-.7 .05 100 50 .1-1.0 INT (14)
Wave refraction A4-.7 Bd 50 50 1-10 INT (7)
7. Storm Surges, Tides, and
Nearshore Currents
Turbidity JA4-.7 .05 100 50 .1-1.0 INT (7)
4 f Coastline configuration. b= 7 Bd 100 50 1-10
¢ A Bottom topography =7 .02 N0 50 1-1.0
% A 8. Meteorological Effects
= A Wind driven sea state
(glitter analysis) JA4-.7 Bd 200 50 1-10 INT (7)
Smoke plumes -7 Bd 100 50 1-10 INT (7)
R Q% Stresses Due to Formation of
A Sea Ice
_ Sea ice motions and extent |.4-.7 Bd 10 50 1-10 INT (1)
= 4-33
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IR Radiometry/Imaging for

Applies to

Cartography, Hydrology, and Geology - Coastal Structures Fig. 28
= mm .
Ground Observation
Resolution| F.O.V. | Accuracy| Frequency
Applications Feet Miles oK Days
e L‘
SURVIVAL OF MAN MADE COASTAL STRUCTURES
1. Earthquake Forces and Motions a
A Structural geology (location of fault systems) 100 50 - INT Year)
2. |
Cloud patterns 1000 50 - INT (1)
3. _Tsunami Damage Po .
Coastline configuration 500 50 -— INT
, Year) |
6. Rates of Sediment Erosion and Deposition
Coastline configuration 500 50 - INT (7)
7. Storm Surges, Tides and Nearshore Currents
I Coastline configuration 500 50 - INT (30)
Q9. Stresses Due to Formation of Sea Ice
A Sea ice motions and extent 10 50 1.0 INT

4-34
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Radar Scatterometry/Imaging for Applies to

Fig. 28
Cartography, Hydrology, and Geology - Coastal Structures 9
‘ Ground Observation
| Resolutionl F.O.V.| Accuracy] Frequency
Aeglicaﬁons Feet Miles Days —
SURVIVAL OF MAN MADE COASTAL STRUCTURES
1. Earthquake Forces and Motions 1
A Structural geology (location of fault systems) 100 50 - INT'Year)
2. High Wind Forces
Sea state NA 50 NBN(3-12] INT.(7)
Cloud patterns 1000 50 - INT. (7)
3. Tsunami Damage Potential ‘
Coastline configuration 100 50 - INT. (1 Year
Tsunami wave trains 10 300 - INT. (1/24)
4. High Sea States
Sea state NA 50 NBN(3—12)i INT. (7)
5. Effects of Normal Sea and Swell Waves -
Sea state nearshore NA 50 NBN(3-12)J INT. (7)
Wave refraction 50 50 - INT.(7)
6. Rates of Sediment Erosion and Deposition
Coastline configuration 100 50 - INT.(7)
Wave refraction 50 50 - INT.(7)
7. Storm Surges, Tides, and Nearshore Currents
Coastline configuration 100 50 - INT. (30)
A\8. Meteorological Effects
A Wind driven sea state NA 50 NBN INT. (7)
A 9. Stresses Due to Formation of Sea Ice
A Sea ice motions and exient 10 50 - INT.
o
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Precision Ranging for

Cartography, Hydrology, and Geology - Coastal Structures

Applications

SURVIVAL OF MAN MADE COASTAL STRUCTURES

1.

A

2.

A

Earthquake Forces and Motions
Altimetric indications of landshifts

High Wind Forces
Sea state (wave profile)

High Sea States
Sea state (wave profile)

Effects of Normal Sea and Swell Waves
Sea state (wave profile)
Wave refraction

Rates of Sediment Erosion & Deposition
Wave refraction

Storm Surges, Tides, and Nearshore
Currents
Storm surge sea levels

Stresses Due to Formation of Sea Ice
Sea ice surface contours and
thickness

Applies to
Fig. 28
S - P, E———
Field of |Sample lFoofprinf Observation
View Spacing [Diameter | Accuracy| Frequency
Miles Miles Feet cm Days
R .
100 1 10 50 INT.(1
Year)
10 5-10 feef 1-2 50 INT.(7)
10 5-10 ft. 1-2 50 INT. (7)
10 5-10 ft. 1-2 50 INT.(7)
10 .004 10 25 INT.(7)
10 .004 10 25 INT.(7)
3 (1
100 1 10 5 INT'HOur) ‘i)
10 1 103 10 INT. (7)
4-36
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Microwave Radiomefr{ for Applies to
',’ Cartography, Hydrology, and Geology - Coastal Structures Fig. 28
]
Field of |Ground | Accuracy Accuracy | Accuracy |Accuracy | Observation
View Resolution| Heat Flyx  |Sea State | Temp Salinity |Frequency
. e . 7o o
Applications Miles Feet cal/cm®/min K 0/00 Days
SURVIVAL OF MAN MADE
COASTAL STRUCTURES
2. High Wind Forces i
Sea state 50 NA NBN (3-12) INT.(7)
Cloud patterns 50 1000 INT. (7)
4. High Sea States
Sea state 50 NA *BN(B—lZ) INT. (7)
5. Effects of Normal
Sea and Swell Waves
Sea state
nearshore 50 NA NBN (3-12) INT. (7)
Q8. Meteorological
A Effects
Humidity/
temperature
profiles 50 NA - INT. (7)
‘A‘) Stresses Due to
A Formation of Sea
Ice
Sea ice thickness
and extent 50 10GD - INT. (7)

4-37
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Laser Depth Sounding for Applies to

Cartography, Hydrology, and Geology - Coastal Structures Fig. 28
e T ——— "
— Sample ]| Ground Observation ,
Spacing | Resolution| Accuracy | Frequency
Applications Feet Feet Feet Days
SURVIVAL OF MAN MADE COASTAL STRUCTURES
3. Tsunami Damage Potential (1
Nearshore bottom topography 300 3 INT'Year)
4. High Sea States
o Nearshore bottom topography 300 3 INT.
: 6. Rates of Sediment Erosion and Deposition
Nearshore bottom topography 300 1 INT.(7)
7. Storm Surges, Tides, and Nearshore Currents
A Bottom topography 300 3 INT. (30)
L E
f
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Visible anc Near IR Spectrometry/imaging for Applies to
Fig. 29

’ Cartography-Coastal Damage Survey

Spectral ! Ground Observation
Bandwidth | Resolution| F.O.V, Sens'?ivity Frequency

Applications M Feet Miles | w/m /ST/P Days .

NATURAL HAZARDS

l., Fires
Extent of burned areas =7 Bd 1000 50 i-10 INT (1)
Smoke plumes =7 Bd 1000 50 1-10 Inc (1)

2, Coastal Flooding
Flooding extent and duration].4-.7 Bd 100 50 1-10 INT (1)

3. Tropical Storms
High resolution visual survej

of damage =7 Bd 10 10 1-10 INT
A, Earthquakes
Gross topographic changes -7 Bd 100 50 1-10 INT
6. Tsunamis and Storms
Areal extent of flooding =7 Bd 100 50 1-10 Nt (1)
Coastline alterations A-07 Bd 100 50 1-10 INT
7. Sea Life Depletion
e Coral reef tonal contrasts |.4-.7 .02 100 50 .1-1.0 30 (14)
Seaweed extent .6-1.2 .02 50-100 ] 10 .1-1.0 30 (30)

8. Red Tides, Anoxic Conditi-ns
Survey of extent and effects .
such as fish kills 4-1.2 .05 100 50 ‘ .01-.1 INT (1)

9. Damage by Terrestrial Organismr
Coastal ground cover _
depletion a-.7 Bd 100 50 1-10 14

Insect crop damage JA4-1.2 .02 100 50 .1-1.0 14

DAMAGE DUE TO ARTIFICIAL HAZARDS
10. 01l Spills
Deposits along coastlines =7 Bd 10 50 1-10 INC (1)

12. Sewage Contamination
Color contrasts A4-1.2 .05 100 10 .01-.1 INT (30)
Alterations in coastal sea

life (kelp, coral, sea

grass) .6-1.2 .02 100 50 -1 30
13. Dredging Activities
Water depth A4-07 .01 100 50 .1-1 INT (30)
Turbidity =7 .1 100 50 1-1 INT (14)
Alterations to sea life and
coastline .6-1.2 .02 100 50 1-1 INT (30)
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IR Radiometry/Imaging for Applies to
Fig. 29

Cartography - Coastal Damage Survey

S S S RS " S
Ground Cbservation }

Resolution] F.O.V. | Accuracy| Frequency

.
5
£
by

Applications Feet Miles ok, Days
0000 S
NATURAL HAZARDS
1. Fires
Thermal patterns indicating areas of active
burning 100 50 INT (1)
2. Coastal Flooding
Flooding extent and duration 100 50 INT (1)
g D\5. Volcanic Activity
;‘ A Extent of thermal effects 100 50 10 INT (1)
6. Tsunamis and Storm Surges
it Areal extent of flooding 100 50 INT (1)
2N Coastline alteraticns 100 50 INT
'gé 7. Sea Life Depletion
> A Correlative surface thermal properties 100 50 0.5 INT (30)
%
~§§ 8. Red Tides, Anoxic Conditions
% A Correlative surface thermal properties 100 50 0.5 INT (7)
%
& DAMAGE DUE TO ARTIFICIAL HAZARDS ‘
z 13. Dredging Activities }
9 Changes in coastline configuration 100 50 INT (30)
2 14. Thermal Pollution
Distribution of isotherms in vicinity of
thermal source 50 50 0.2 INT (7)
R
4
.
i
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AEEHcaﬁons

Radar Scatterometry/Imaging for
Cartography - Coastal Damage Survey

NATURAL HAZARDS
2. Coastal Flooding
Flooding extent and duration

4. Earthquakes
Gross topographic changes

6. Tsunamis and Storm Surges
Areal extent of flooding
Coastline alterations

DAMAGE DUE TO ARTIFICIAL HAZARDS
13. Dredging Activities
Changes in coastline configuration

Ground
Resolution
Feet

100

100

100
100

100

50

50

5N
50

50

Applies

to

Fig. 29

Accurac

Observation

Frequency
Days

INT (1)

INT
INT (1)

INT

INT (30)
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Precision Ranging for
Cartography - Coastal Damage Survey

Applications

NATURAL HAZARDS
2. Coastal Flooding
Water level

4, Earthquakes
Shifts in land mass

6. Tsunamis and Stcrm Surges
Surge water height and seaward extent

DAMAGE DUE TO ARTIF1CIAL HAZARDS®

Field of
View
Miles

50

100

50

Spacing
Miles

iameter
Feet

10

10

10

Applies to

Fig. 29

Accuracy
cm

25

50

50

Observation
Frequency

INT (1)

INT

INT (10

Minutes)




Microwave Radiometry for
Cartography - Coastal Damage Survey

Field of
View

Ground
Resolutior.

Applies to

Fig. 29
*
: Accuracy Accuracy | Accuracy | Accuracy | Observation
feat Flyx  |Sea State | Temp Salinity | Frequency

Applications Miles Feet I cal/em”/min oK o/o0 Days

NATURAL HAZARDS

2. (Coastal Flooding
Saline incursion

6. Tsunamis and Storm
Surges
Saline incursion

50

50

100

100

1.0

1.0

INT (1)

INT (1)

" A

7. Sea Life Depletion

Correlative surface

thermal and
salinity
properties

8. Red Tides. Anoxic
Conditions

Correlative surface

therms® and
salinity
properties

50

100

100

0.5

0.5

0.5

0.5

INT (30”

INT (7)]

=

DAMAGE DUE TO ARTIFICIAL

HAZARDS




Laser Depth Sounding for Applies to

Cartography - Coastal Damage Survey Fig. 29 }
o ample | Cround Observation
Spacing | Resolution| Accuracy | Frequency
Applications Feet Feet Feet Days
e _____________________________
NATURAL HAZARDS
2. Coastal Flooding
Flood depths 100 1 INT (1)
7. Sea Life Depletion
Water depth changes (reef destruction by waves){ 50 3 1/2 Year
DAMAGE DUE TO ARTIFICAL HAZARDS
13. Dredging Activities
Water depth 100 3 INT (30)
3
444



waisig uot1d31100 eied

alqIxary =U

{a1qeisnipy)
ngl 01 g°¢ :spueq (2 1apunog dtadaydsowtiy paaocaduwg sNOBOIYOulg
(HYHAV) 4913wotpey -uns ‘ielod = 31410
NN Z-2/1 spueg 210W 10 7 'Yl W SIA uouinjosay YBiH A1ap pasuespy W3 0oLl = Y sLé1 N SOYIL
as0qQy sy duieg sa0Qy sy Jwieg ¥L6T YW D SOLI
sA0qQy Sy Jweg JA0QVY sy Fuvg €L61 sunp d SOll
sr0qy sy aweg aAoqy sy Jweg 2L 61 13q0120 2 soll
ATWNO0SL-001 ‘2€-G 21 '09-LC $031UON uololg Jlejog
1218 « 2 nog - ¢ 13iruolpey Ield ielg
g7 - ‘ol juepunpay
‘Mgl -¢G* :epueg 7 - (4g) 1919worpry Burtuuedg awry resoy ‘rwd
iaepunpay - (YdLA) 1319worpEy 00:¢ 20 Y1 ¥ 006 =U
uolBay re1-11 :epueg g ayoid sanmyeradwia ] [edtiaop snouolaysudyg
uepunpay - (WYHA) -uns fvled = 1940
g 'z-01 ‘"L -g" :spueg 7 2333wotpey uolnjosdy YBIH A1ap WX 09%1 = 4 2061 WIIWN a SOll
(GHHA)
g 'z-01 "ML =g :spueq 2 13j:uolpey uolinjosay YJH L1ap
(g-sng1) q - 23w
8uwa rpg - 72 g -~02y0adg 1939woazau] padesyul swiy tesoy ‘wd
g ‘21-6 ‘0l )repunpay 00:¢ I0 We 006 =Y
‘#oq ¥ ‘0 ‘Mgp*-26° :spueg 7 - (¥S) tajpworpey Buruuessy snouolysulg
(Md1A) 3919worpey TUmS TEled = MAf0 TN
aor8ay M6 1-11 vpueg g a11303g danjeaadwa] 1EO13IIA WM 09%1 = Y 1L61 2aqued3q -2 soll
Jn0qQy sy Jwiwg Iroqy sy Rweg JA0qQy sy dwesg JA0QY 8y Jues 1261 yendny g Soll
IA0Qy sy awueg JA0qQy sy Jweg IA0oqQy SY Jweg JA0QY sy aweg 0L6] I9quIadag Ol v SOl
--- (AT 2¢ - §°21)
- (A" 052 - 001)
--- (AN 09 - LZ°0) J0JIUON U001 2e(Og
1318 4 7 (Tog - ¢ 9) 19)nuo1pey 1vld 1elg swiy
WepuUNpaY - (LdV) WaisAs o wid oo = U
WN 2~ UOISIMUSUPI] 2INIDIJ dDLIPWOINY #NOUO IYOTAG
Tuwpunpay - (SOAV) -ums ‘iviod = 31910
NN 1> Waisis eIsuIv) UODIPIA PIdUETAPY WX 09¥%! = 4 0L61 Azenuwr ¢7 W SO¥IL
NOLLNTOSAY STINNVHD TYJLOAdS SHYOSNIS LIgyo J1va HONAVI WY YO0oud

sweidoag aocedg

3ureS-uQp pue snoiasag tuoxj sjuswasinbay iosuag jo uonenqe]

"1-V 31qel

5-1



WH9°0

WN 92

WNS§9

TN 00-¥1 3840
98y 008

N 9-6°0

1y 11-2 01 ‘¥ ‘6% 8
121-6°01 ‘"7L-6°9

wd g6 1
spusg § ‘W 6¢ ‘I-69¥°

nop-11 :epovg 9
spusg €1 ‘1002-8
121-6 ‘0l ‘7"L-§'9

n9g-1 ‘11

1 os-9
”1qI91A
ng -gil* SOUTIYD ¢
yg ‘=52 sopuvg bl

slecusy) ¢ ‘"gle¢ VI
iy ‘'9-2°¢ ‘'¥°2-21

19 21-¢ ‘01 ‘0L ‘~$%°

(8QY) Avjoy v18Q supl-|eey

(¥MOg) saImuoIpey
Suyddwyg voyspsoduo) #¥)ing

" (WIH1) asywuoipvy
poawasu] ApRUn) /einiesedus]

(MSY.a) s0ymuoipey
sASMOIOTIY Futut 898 Al199133501%

(SMIN) 1919U302100dg SABMOLITY

(4d1)) seremorpey
.:.2.....22.._.13..3

(4D8) s01muoipry 0ddoy) eanrdeleg

o

(STHL) sn10u01pvy
pesvisul AnjpRUN}/eanisssdus]

(a-5¥18)
asynuu03300dg peivayul 910Ieg

(FTWI) Wweisig VOISO
pue Suypiosey ‘uojiviossens

(S~STM1) $9194
=39dg 10INUOISIIONT POITIFU]

(8941
WeIshg vIsuT) 30150001 sFwu]

(ZSnN) ASaswy
29108 19101AR SN JO 2010

(ANE) mogsodey
IGIOTANILN) S01INIMIOVE

(408
a010worpry seddoyD er119010g

(M I) 3nreuosidedg ofipey 10114

2:AOqQY oY nieg
saoqy sy esuing

wWeIAg
Suts0)uo WRUTOSIARY oOvdg

wnsig Avjoy vInQg
8ISAS UOLIIN(10D S8

[STIA) so1emorpvy
uesg-uidg posesyu]/01QIe1A

NOLLNTOSZYM

FIANNVIO TVELOIAS

il

wooN 00521 =0

enonosysulg
-ung 49104 = 11450

nNRo00 = %

SooN 00121 *0

NSNS IYIRAS
~ung ‘svieg = QA0

na o0l = 4
ssoqy oy swivg

sr0qy oy vy

Asvuolmisesn
1 R

WM 00s°6c = 9

L6 sonlny

0L61 ‘0 Nadv

9L61 Asenmep

L6l Assnmup

eL61 Ane

a sneN

v 3030)
o me

v NS
O s0uLL

SYOINIS

11880

21va HONAV

Suro8-uQ pu® snotralg woaj siuwdwaambay 10sudag jo uonEnqel

(panupjuo)) sweiSoxd soedg

1=V dqel

$5-2



ZHC ¥ 1 (Pol-§) 2010WOIPYY EATMOSINN
ZHD ¥ 6 (A561~8) 2010y SAVMOIITN
(9C61-§) so30
ZHO ¥ ‘1 ~04811908 [ 1010WOIPTY SABMOLI TN
g ‘212 ‘01
0€2-088 ‘§€ 2=y’ opusg ol (261-9) 40UTNDG (Vi1 04001 N PUSE-ULL
ng'61°2°9 'y =¥’ (161-9) 49100415048 peivasu]
(061-) PoTLIdU] 06 = Q40
/001 6 -5 opuvg 9 Anl1o9g Aydesoroyd 1va1oedsingg WA SEP s 4 2961 s0qusoncy SYVIANS
mswysedag Sutuoisisod 2141482000 WA 00LE = & L6t PN 2113Q90X0
2A0qY oy Suseg 20qY sy Suseg €L61 (a0 € 81943
nutg
19907 ‘wi’e 056 SO
{4 S1UT) "9 °‘21-¥ 014 wi10194g uoyIdeio) vivq snouosyuAg
00€-081 M jeg* sopueg y (86)¢) Jounwaog 18a130de)I{mN -gng ‘iv1od s Q40
1002 5 =69 ° ‘09 <06 ° ‘85 0¥’ (ACY) RIMUED UOIPIA Wesg TININY nA 026 =4 2461 W22y v 8143
ANY 021 woustsedg uotisoduion uol AN e0d
201PNIg 0Q04 g 51910043991
mowjsodwy 01013594
AIN 092-2°0 poddusy pue Avy >1wie0y dviog
(WNST) 1010m0tpry
w g sAwmo 2y Fuinausg Aj1voia13013
- . e . 4030l pvy *pIReIa
uoifoy Mgy tepueg 7 T0qiYD PHININPOY einssesd
n09-2°0 (GNT) 199png vonsipry Y1497
109=9 ‘6 sfUTBIY) ¢ unusjsedarg uoleS0AU] 9UNIPYY QYT
(MIH1) srnuoipyy
121=¢ ‘01 *L=6'9 Posvayul ANPRUNE /0N useduie g
W 6 ‘1§99 d019us03390dg savmoiany Suiddeyy
de39w0 3300dg Fujivsp
e ‘sl-g'c :opuvg py 20190380 -1 PeATI UL~ IVIN OON 0021 =0
ngi-4‘c :spuvg 91 (S¥IH) sopunog pasesyu] uopnjosey yhiy ...82..“83 .
(XTI ML) wousjaedicy [040] 03001050y UV “ung ‘49104 = Q40
‘001830AU0) Afisuz ‘pusm (wotdosg A 0011 = 4 £L61 soquedeg 4 SNEYIN
NOILNT0$2Y FIINNVHD TV ELOIdS SYOSNIS 119¥0 21va HONAVT WY EO0ud

(panunuo)) swesSoag owdg
Suto8-up pue snoOIAIIg wol) sudwaiinbay 10susg jo uvonreinqer

1=V dqeL

5-3



APPENDIX B

SYNOPSIS OF
USER SURVEY RESULTS
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A significant part of the study was a review of our established needs and
data requirements for the coastal zone, prior to finalizing the performance
goals for the sensor study. This review was performed by a selected
group of professionals active in the oceanographic community.

Table 3-1 which is a list of the selected individuals, describes the

special interests of each.

The review package consisted of 1) the fold-out volume of logic trains
(matrices) linking national priorities to;_gace obse vibles (an edited
version of these matrices appears in w‘of thls report on=pegee——
Nty b and 2) a companion volume listing resolution,
sensitivity, and observational frequency requirements (sensor
performance requirements) for each remote space observable in the
matrices of the first volume. (Appendix A). Some of the ""Associated
Phenomena' of the first volume were deemed by us to be of minor
importance to the corresponding "implied information needs'. These
were called out in the second volume and the survey group was

requested to examine these designations.

Responses were provided by the persons whose names appear in

Table _E:_l__ Many of the respondents' comments were of a general or
philosophical nature. The essence of our discussions are presented
below in informal telephone contact reports or in copies of letters
returned by the survey participants. Some respondents, on the other
hand - notably contacts 2 and 3 - took a hard look specifically at our
sensor performance requirements (second volume). While a contact
report as such is not included here for those participants, their
quantitative recommendations were taken into consideration prior to final
specification of mission performance characteristics. A contact report
also does not exist for Dr. North (contact number 7), the reason being
that he served as a consultant during the course of the study and

therefore did not serve in a review capacity.
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Telephone conversation on November 13th with Bill Davis representing
the Federal Water Quality Administration.

Bill Davis' comments were fairly general at first, he had some
thoughts on optimal flight paths for such a satellite system. First of all
he felt that it should be parallel to the coastline, in other words a
capability should exist for observation of all the coastlines in the United
States and he felt that the Great Liakes regions were the most important.
We discussed the tradeoffs associated with observaticnal frequency and
spatial and spectral resolution and asked if he felt that a satellite system
that was geared for daily observations but missed large sections of U. S,
coastline would be preferred over a system that obtained weekly
observations but examined the entire coast, and he seemed to prefer the
latter situation. He argued for a system that would have a great deal of
flexibility built into it, He felt that cloud cover was a very important
consideration as far as the opportunity to give good observations is
concerned, therefore he would want to have as many looks as possible at
a certain area. Other flexibility factors that he was considering were
the ability to change orbit during a mission and especially the ability
to change data rates, also the ability to look at different areas in
different times, in other words to address pollution situations as they
arise. He felt that one of the major contributions of such a satellite
system would be the advantages it would have for locating areas where

you would want to place survey stations.

He suggested that we may have omitted a category of major
importance in our discussion and in our matrices which has to do with
patterns of use. As far as activities in coastal areas are concerned
he is talking mainly about daily use patterns which are indicative of our
involvement with our envitonment. An example of this would be
occupation of transportation routes, i.e., the number of cars on the
highways at various times of day. He mentioned ship traffic in the area
of the Straits of Florida. During certain times of the day and during
certain seasons these lanes are very clogged with shipping activities and
the probability of a pollution event arising, say, from a collision, is very
high. He suggested that if we could get down to 10 foot resoluticn level

we can even obtain information on pleasure boat use patterns,
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Telephone conversation Thursday am November 12th, 1970 with
Henry Yatko of SPOC - Navoceano

Subject: Users Survey

The first comment was that he was overwhelmed with the size of
the package and felt that we had certainly not left anything out, He was
worried that we were going to possibly conclude that nothing could be
done from space if we set such hard requirements on all of the individual
phenomenon measurements. He commented that this problem has arisen
before in every users survey and most of th: . “ers have felt that there
was very little use for remote sensing because it could not meet each of
the minute requirements, He wanted to stress that he hoped that our
study would conclude that remote sensing is not necessarily competitive
with other ground measurements performed by users, but rather that
remote sensing would be complimentary to the ground-based measure-
ments. He pointed out that mary times the usefulness of remote sensing
is of an indicative nature, in other words the remote measurement detect
indications of phenomena or processes occurring even if they do not
directly measure the phenomena. In addition, he hopes that we will
stress where the spacecraft might have a unique contribution. He made
the point that he thought that one of the major payoffs would be that for
the users in question, satellite remote sensing would place phenornena
in perspective, in other words it would show relation of point measure-
ments over broad areas in time and it would enable the users to better

judge where they should place point measurements.

He realized that the directive of our study was to do a top down
analysis - to first determine what are the coastal needs and problems
for the national concern and then to filter the study to determine how a
satellite might best contribute to these problems. He knows that we are
directed to go in that direction although he thinks that a better attack
would be to first define all of those surface features that might be
amenable to remote sensing and marry the indicative measurements to
the problem as described by surface measurements. He laid out three
steps with regards to his preferred attack: (1) determine which surface

features amenable to remote sensing, (2) determine if they are indicative

B-5



of important phenomena, and (3) determine if they can be mes sured.
He gave us one example regarding salinity. Salinity in the near future
will not be a direct measuiable from space but with regards to saline
intrusion, salinity may have a strong correlation with the thermal
measurement. Since temperature can be measured from svace, an

indication of saline intrusion may be detectable.

He brought up the point that the Geonautics study is near completion
and that they have performed a user survey. They have asked the users
for their spatial and spectral temporal requirements and have run into
some of the same problems mentioned above: the requirements were so
stiff that it was doubtful whether space remote sensing may be applicable
to their problems. Nevertheless, re said that he would send us a copy

of their results with regards to measurement requirements.

We asked him if he had any opinions with regards to orbit parameters.
In particulaf, we asked if he thought that a global scheme is preferable
over coverage of particular coastal areas of national concern, bearing in
mind the spatial and temporal resolution tradeoffs involved. He
mentioned that they have been battling with these problems for quite some
time and that they had not really drawn conclusions. He suggested that
perhaps two geosynchronous satellites would be the answer for national
problems and that at times you may want to piggyback a nondedicated
satellite for these purposes. His final conclusion was that nobody at
this time really knows what is required to do the oceanographic job and

he hopes that our study will answer some of these questions.,

He felt that while two geosynchronous satellites might satisfy the
national requirements appropriately, the international problem would

best be met either by a polar satellite or one in an inclined orbit.

To conclude, he did not have any specific criticism of our individual
specifications with regards to measurement requirements. Basically he
felt that we had gone about it in a manner in which we were directed but
would like to see a study that came in the middle rather than using a top
down needs analysis. We pointed out that we felt the purpose of the study
was to strongly relate the capabilities of remote sensing to national needs

with the belief that the satellite programs dedicated to oceanography would
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not get off the ground in the political climate of today unless it was
related to the man on the street. This could only be done by beginning
the study with the national needs and proceeding towards a satellite

definition and the relevancy analysis that relates to these needs.
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Trip Report
Visit to: Dr. Taivo Laevastu

The trip was taken on November 13th by Lee Peterson and
Gerald Johnson. In our initial telephone conversations with
Dr. Laevastu he expressed serious doubts concerning satellite programs
and therefore we felt it necessary to visit him personally in order to
better explain our approach and the possible utility of satellites. This is

a brief report of his comments during our visit.

First a few general comments about his philosophy. He has for
a long time been involved in classical weather prediction. His position
is with the U.S. Navy Fleet Numerical Weather Central in Monterey and
he feels that his agency is doing an adequate job in this area already.
Presently he receives world-wide reports on sea surface temperature,
sea state, and atmospheric properties. He recognizes there are some
iradequacies in their reporting of meteorological facts but he feels that
a saicllite probably has little to offer in filling those gaps. Although he
is openly pessimistic about satellite applicaticns he does not want to
mislead us in the fact that he hopes that there will be continued study and
that the programs will be funded so that we can better learn how
satellites might be used. However, he is doubtful about the capabilities
of spacecraft sensors for obtairing the needed information and feels that
it may be as long as fifty years before the capability of sensors may come

up to his needs,

With respect to his specific needs for data in resgards to weather
prediction he feels that he does not need better sea state information,
or information on storm locations, storm surges, or tides. These
conditions are already adequately modeled by his computer algorithms
and modeling programs. His greatest need is for sea surface teraperature,
but he feels that if we cannot provide accuracies of 0. 1° C, the data from
satellites would probably only contaminate the data he now uses. He feels
that the major role for satellites in the next decade would be in the data
relay and data management ar=a. In addition, he suggests that satellites

would be very useful as navigational aids to ships at sea.
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It was apparent that Dr. Laevastu's most basic concerns were in
the area of priorities. Although he feels that satellite studies and the
launching of experimental satellites is proper at this time, it should not
be done without the support of the classical programs that have been in
operation for many years. He has experienced vhat he considers to be
serious cutbacks in his program because people feel that information he
is seeking to obtain will be obtainable by satellite in ''just a few years'.
He is very skeptical about these promises and in the meantime the
development of his program into greater usefulness is limited. In
addition, he feels that a report such as ours may mislead many people
into feeling that satellites can do more th~n is actually true. We identify
many possibilities for remote sensing from space but if we are not very
careful in clarifying which of those are really feasible in the next ten
years, people will tend to be overly-optimistic about remote sensing and,
again, support of the classical efforts to obtain this information will be
restricted. In all fairness to Dr. Laevastu, we must conclude this trip
report by stating that these are his most honest concerns, he is by no
means against the advancement of satellite systems and satellite
technology but he would like to se:z it advance in a balanced manner

whereby other priorities are also satisfied.

Dr. Laevastu was one of the more critical members of our user
survey team. Accordingly, we felt it was very important to listen
carefully to his comments so that we would be better able to defend our

position in establishing the relevancy of ERTS-E and -F for oceanography.



RONALO W. GRIE . N, COMMIGESIOAIR

STATE OF MAINE

DEPARTMENT OF SEA AND SHORE FISHERIES
STATE HOUSE

AUGUBTA, MAINE 04330

November 12, 1970

Mr. B. R. Loya

ER TS L/I' Project Manager
Systems Group ol TRW Inc.
One Space Park

Redondo Beach, Calif. 90278

Dear Mr. Loya:

Having reccived the second volume of measurement require-
ments for ER TS E/F, I have reviewed further the proposal. My
only comments are the following:

Page 2-7, and Figure 14, Under the heading "Year Class -
Specific Spawning Success" no mention has been made ol sea
temperature fluctuations associated with the spawning pattern
in some species. [or example, a drop in temperature lollowed
by a rise¢ is associated with the onset ol sea scallop (Placo-
pecten magellanicus) spawning.

Contrasting phenomena include long-term subcycles, as
apparently have occurred in the Gull ol Maine since the middie
ol the 19th Century. Menhaden (Brevoortia tyrannus) was the
principal commercially-exploited tinfish resource in the Gull
of Mainc until the carly 1900°'s. The decline in abundance has
been associated with the approximately U)-year temperature
declining subeycle which terminated with the historic record
low in 1917, as measurnd at Boothbay llarbor, Mainc, by the I, S.
I'ish and Wildlile Service. Menhaden did not appear in abun-~
dance again until toward the end ol the Lollowing H0-year
subcycle ol incrcasing temperature. This cycle terminated with
a rccord high in 19Y53. Since that time, temperatures have
declined consistently and so has the abundance ol menhaden.

Page 2-13, and I'igure 15. Ice cover ! equently is a
problem in shallow and in coastal waters. One factor has been
obscerved in addition to the ellects ol low temperatures on
some species -~ the inlluence on water quality, creating a
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Mr. B. R. Loya 2= November 12, 1970

reduction in dissolved oxygen and an increase in mortality rate.
This phenomenon appears to be, in part at least, a result of
failure of surface to bottom mixing. With the imposition of
ice between the air and water, the normal oxygenation process
is eliminated or drastically reduced, even in an area ol con-
siderable tidal range.

Sincerely yours,
T

Ry Vs ’
,'\_;' e e o / 7 - R

ROBERT L. DOW,
Marine Research Director

RLD/ jwu
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RBNALD W. BUICEN, COMMISRIONER

‘ STATE OF MAINE

DEPARTMENT OF SEA AND SHORE FISHERIES
STATE HOUSE

AUGUSTA, MAINE 04330

November 9, 1970

Mr. B. R. Loya

ER TS E/F Project Manager
Systems Group of TRW Inc.
One Space Park

Redondo Beach, Calif. 90278

Dear Mr. Loya:

I frankly admit that I do not understand the implications
of the proposed "Advanced Study for Coastal Zone Oceanographic
Requirements for Earth Resources Technology Satellites E & F."
As I explained cver the telephone, I am very much interested in
this program because of the influence of climatic cycles on the
abundance and availability of the more important commercial
marine and estuarine species. These cycles also have very prc-
found implications as far as aquaculture is concerned. It seems
to me that there are two general periods which are going to be
critical:

One is the rather long-term cycle which is described in
the correspondence with Dr. Willett of M.I.T. and which is covered
in the two publications enclosed as well as my summary of my
studies during 1969 on fluctuations in abundance of marine spe-
cies. I am presently working on one on sea scallop which, hope-
fully, will cover the period 1880-~1970. There is one problem
involved in the latter in that we do not have sea surface teme
perature records in Maine prior to 1905. I have done some work
with New Haven air temperatures which go back to the middle
1700's, and these may be sufficiently related to the same cyclic
pattern that they can be substituted.

As the descriptive term implies, long-term cycles -- that
is, 20 years or mor2 -- are of interest in forecasting future
abundance trends of marine and estuarine species. In addition,
it would be desirable to have information on shorteterm trends.
I am not certain what period is likely to be the most valuable.
I have some evidence that temperature changes from day to day
are significant, but I have no array of data on this problem.
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Mr. B. R. Loya 2= November 9, 1970

I have not used a shorter time interval than monthly temperature
means, but I do believe that weekly observations probably will
be quite valuable.

Another problem which is evident is the difference between
surface temperature and bottom temperature. Is it going to be
possible to infer bottom temperatures from observed surtface
temperatures? In the Gulf ol Maine minimum surface temperatures
occur in February. Minimum bottom temperatures, from observations
made by departmental biologists working on the northern shrimp
(Pandalus borealis) occur in late May or early June. Conversely,
the maximum surface temperatures occur in August and maximum
bottom temperatures in November or December.

This letter and the supporting documents serve more to oute
line my questions rather than any comments on the contents of
ER TS E/F. 1 am sending it along so that you will be more fully
cognizant of my ignorance before you telephone next.

8incerely yours,
ROBERT L. DOW,
Marine Research Director

RLD/jwu
Enc.
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$t-..c of California THE RESOURCES AGENCY

Miemorandum

To : Mr. Edward D. Ehlers Date : November 18, 1970
Department of Navigation
& Ocean Development
Room 1336, Resources Building
Sacramento

From : STATE WATER RESOURCES CONTROL BOARD

Subect: TRW Satellite Data User Survey

Any classification scheme that is used for information uses is
arbitrary and the one provided by TRW relating to pollution is
as arbitrary as any. The "Implied Information Needs® do not
form mutually exclusive classes, but rather overlap in numerous
cases. The "Associated Phenomena" are similarly overlapping
classifications, As a result, it is impossible to determine
whether omissions from the matrices in the User Survey are
intentional in some locations.

The listings of "Environmental Measurables and Laboratory/Survey

Efforts" refer in some cases to determinations of specific para-

meters and sometimes to studies of processes in the system.

This is particularly true of the "Laboratory Studies..."” column,

which in Figures 1 & 2 is limited to rather specific analyses of

parameters, but in Figures 3, 4 & 5 contains modeling and simula-
tion studies and no parameter analyses. In Figures 6 & 7 the two
types of information have been separated by adding a "Statistics"
column and in Figure 9 the distinction between the two columns

is not clear.

The data contained in the tables relating scale, accuracy and
frequency of information have been filtered through remote
sensing capabilities and are difficult to consider in terms of
the basic pollution control program.

We are unable to provide the kind of evaluation requested by
TRW in a reasonable time. It would require a discussion with
them to determine what the matrices' contents really mean. I
should note that Ocean Data Systems, although using a slightly
different approach to the same problem, had the same result.
There is a break in the logic between the definition of the
phenomena and the derivation of the parameters needed.

a~7%



Mr., Edward D. Ehlers -2~

The relative importance of the “"Implied Information Needs" may
be of value to TRW. For satellite sensing, the synoptic view
is the primary value. Therefore, pollution location and cause
and extent are of special significance. The rates of advance,
cyclical variations and accumulation regions follow closely
behind the extent. The effects on the marine ecosystem would
be the main item from the effect class to be considered on the
synoptic scale. Surveillance in optimal cleanup techniques is
a secondary, but significant factor. While other needs listed
may be significant, we do not recognize the significance of
synoptic views of them.

I am sorry we cannot offer more detailed comments on the matrices.
That would require more study than we are able to give to it at
this time.

Sincerely,

’//?€ﬁ>:¢243;;0<é;? f?;g:éézgg;uﬂ/,
S
ROBERT H. LEWIS

Acting Chief
Planning & Research Division

815



§ ate of California The Resources Agenty

Memorandum

To Mr. Ed Ehlers Dates November 12, 1970
Department of Navigation and
Ocean Development
Room 1336, Resources Building

From : Department of Fish and Game

Subjech TRW Advanced Study « User Survey

The TRW user survey, dated October 9, 1970, was reviewed per
your request. The present state of the art of fisheries man-
agement makes satellite observations of very limited use.

The proposal presumes that certain observations can be related
to population dynamics of a particular species and, therefore,
management of a fishery resource can be accomplished throuzh
more rapid data observations and transmittal. The error of
this presumption is that many of the relationships that may be
recorded by a satellite as yet have not been related to species
abundance and, therefore, the gathering of these pieces of data,
while of interest, would not enable us to manage a fishery.
There remains too many basic relationships which must be dise
covered before advanced data systems such as this would yleld
any usable product.

One additional thought is that the tuna or pelagic wetfish
(mackerel anchovies) fishermen may have interest in the pro=
gram if it will enable them to shorten their search time in
locating fish schools.

o,

Deputy Director

B¢



Telephone conversation with. Ed Greenhood of The California Department
of Fish and Game in Sacramento,

Ed Greenhood questioned certain of our relationships that appear in
the survey documents. For example, we identify a need in our documents
for information on larval survival success and we quote sea surface
temperature as a directly applicable remote cbservable. He questions
the present state of the knowledge in such relationships and suggests that
if our charter is confined to consideration of an essentially operational
satellite system, then we are in error to state at this time that
obtaining sea surface temperature will provide the desired knowledge on
survival of larvae, This also occurs in other places throughout the
document. Another example that he pointed up was the direct spectral
detection of fish schools. The relationship between spectral signatures
and fish identity is indeed still in the preliminary research stage and,
accordingly, spectral identification of fish in our document must fall into

the category of research eifort.

As a result of the above considerations the recommendation from
Mr. Greenhood would be that we clearly identify those applications in
which areas well known relationships exist and for which there would be little
question as to the feasibility of surveillance in an operational sense,
For those relationships that are still in the formative stages of under-
standing, the way in which the remote observables relate to the knowledge
that we desire should be made clear. The mission relevancy portion of
the study would appear to be the most likely spot to try to alleviate any

such ambiguities,

Two of the major points that Ed Greenhood stressed regarding
major problems in the next decade with relevance to fisheries and
wildlife have to do with, (1) general water quality level of pesticides
and pollution in our environment, (2) the effects of land modifications
(especially on waterfowl). He felt that ironically the classical problems
that have confronted fisheries, having to do with over-exploitation of
fishable stocks, may be overshadowed by the fact that we are poisoning
our environment. In other words the availability of fisheries stocks may
be limited more by our activities as far as pollution is concerned than by

over-exploitation.
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Living marine resources, inc.
November 17, 1970

Mr. B. R. Loya

TRW Systems Group

One Space Park

Building R5, Room 2231

Redondo Beach, Californin 90278

Dear Mr. Loya:
I must apologize for the delay in returning your survey material.
Mr. Alverson reviewed the documents, but held up on returning them

to you until I returned.

Our general and specific comments follow. Please telephone if you
find some of the notesunclear.

General Comments on User Survey

Study is not restricted to coastal zone oceanography nor should it
be. The data for fisheries which relates to the operations of the
fishing vessels must be synoptic and must be obtained, processed,
analyzed and the results (in simple terms) made available on a real
time basis. For strategy related to supply, demand and price fore-
casts, the information and its analysis may lag somewhat and still
be useful.

The major problem to be solved (if the space data program is initiated
successfully) will be that of developing models to relate the complex
information to fish and fishing.

The fishing industry was very poorly represente” in the Marine
Community Survey Group. L.M.R. showed the User Survey to a fishing
captain, "Richie" Madruga, Captain of the i1/V Conquest, and to
Admiral Leslie Gheres, Manager of National Marine Terminal, operator
of 12 tuna vessels, and Harold Cary, Vice President Planning a‘’
Westgate California, a seafood processing and marketing company.
Their comments have been included in our notes.

B8-/¥
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Mr. B. R. Loya
Page 2

To communicate with the fishing industry, it will be necessary to
use fishing industry terminology and not space engineering jargon.
The fishing industry is not engineering oriented to the same degree
as is aerospace and there are some very good rcasons for this:

1. There are no schools for fishermen and it is a trade which is
learned at sea, generally begun after a high school (or less)
education.

2. Successful skippers integrate all the observables in their head
and make operating decisions on an experience and intuitive basis.
There are so many factors involved and so litt'e hard data that
even a poor skipper can do better on the spot than a sophisticated
model operated from shore without adequate input.

3. The engineers and systems analysts have have already attempted and
failed to assist the industry. Many of the operators are dis-
trustful of such an approach because they do not understand it
nor have they been shown results.

4. Processing company executives are largely from the old school also.
There are few technically trained people in fish company management.
Again, experience with Government, university and other industry
experts has been poor. Most of the fishing industry progress has
come from within.

5. The fishing industry is not peopled (as noted above) by people
that communicate by written word, graph or flow diagrars. Almost
all of the fishing industry operations which relates to the
logistics of raw material acquisition by plants and fishing
strategy by vessel operators is done verbally and in a different
language than that used by engineers and systems people.

6. Government and university scientists, NASA and the aerospace
companies will not change these conditions, so to be successful
a system will have to adapt to the fishing industry.

The volume containing measurement requirements has been reviewed and
the comments have been written on the appropriate pages. Under ground
resolution in feet, we should comment that these wvalues will depend

on the fishery that is to be serviced. For example, surface schools
of menhaden are very large and densely packed so that a ground
resolution cf 100 feet might be extremely useful (10 would be better)
if the 10 feet were beyond the capakility of the satellite technology.

8-/7



Mr. B. R. Loya
Page 3

We are assuming that mosaics could be constructed to widen the field
of view .- certain phenomenon. For example, the Mississippi River
upstrear ._tivity and Gulf outflow would require a very broad
picture, :11l beyond the view quoted.

Specific Comments on User Survey

2.2 The Management of Perishable Coastal Resources - Fisheries

2-15

1. Certain segments of the United States fleet are leaders in
technology - shrimp, tuna.

2. "Catch per unit effort for various coordinated multi-platform
tactics" - jargon and will not be understoocd. What about
using “Vessel efficiency comparison among gears"?

3. Year class spawning success -~ poor term as the spawning is by
the adult stock which is usually made un of several year groups.
The resulting eqgs, larvae, post-larvae, juvenile and then
adult group$ is the year class. Year class success is related
to parent stock size and to egg and larval survival.

4. Volume estimates would be extremely valuakle. At present, all
methods of stock assescment are indirect and obtained from catch
per effort statistics plus some depth sounder and sonar
information.

5. Explained on comment sheet.

6. Weight and length data andreading of hard parts for rings (scaies,
otoliths, etc.) are all related to time in order to obtain
growth curves.

7. Time and locatioa and extent of spawning grounds relative to
environmental conditions may be a key factor in egg and larval
survival.

2-17

8. Again, stock assessment in some direct manner would be of key
importance.

9. Actually these two categories = 10uld be combined and the heading
year class spawning success chang. d as noted in our comment 3.

10. Within the limits of economic tishing rates many stocks do not
exhibit a ps-ent - recruit abundance relationship. Shrimp is

B-ao



Mr. B. R. Loya

Page

14,

2-19

15.

4

an excellent example of a species that shows no correlation
in these parameters and spawning success, ego and larval survival
and growth are apparently related to environmental factors.

Yearly variations in sustainable yield. There is only one
maximum yield as computed from the various models.

Prediction of production of raw material and its effect on the
supply, demand equation is key factor here.

Unloading delays generally not a problem although better
techniques could certainly be developed.

Fishing pressure is related to number of vessels, their
efficiency, and that size portion of the stock they are
exploiting. The measurables are total catch, total effort and
catch per effort.

See comments on page made by I'rank Alverson. Although all
these comments and the data presented in the users survey are
valuable, the boundaries of coastal oceanographic information
have been extended to the offshore areas. If this study was
truly a coastal and estuarine study, much of this would be of
lesser concern.

See ~omments on pages made by Frank Alverson.

Weather hazards for fishing vessels and weather limitations on
fishing (not hazardous but reduce catching etfectiveness) are
very important to fisheries. Weather forecasting and two-way
network to feed and receive information of this kind can form
the basis for the operational strategy network which one would
ultimately wish to operate. There are many barriers to the
direct set-up of such a system. The best fishermen are not
interested in raising the total catch, only theirs - raising
the entire fleet efficiency through a grand plan will only
result in their fish value being reduced (suppnly, demand, price).
As most fishing vessels are independent units, it will require
some incentive (weather information) to get a network structure
established.

Sig;erely,

l}C Z«l[l“lﬂ- : ,/).,t“t{(("/:‘{
66rdon C. Broadhead

GCB/po President

P.S.

Survey material has been returned under separate cover.
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1. INTRODUCTION

The interpretation of data remotely sensed over the ocean require a
sophisticated model of the emission and reflection of radiation from a
rough sea surface. A theoretical barsis for the radiative properties of a
given surface was first provided by Peake,l who derived a relation between
the brightness temperature and the electromagnetic scattering coefficients
for the surface. St:ogryn2 has applied this relation to water surfaces by
use of the scattering formalism generated with the approximate physical-
opticsb boundary fields. These results of brightness temperature versus
observation angle demonstrated a marked sensitivity to wind speed (and,
‘herefore, rms surface slope) for microwave frequencies, but the curves
di1i not matck the shape of experimental data, 3 and predicted temperatures
wer  fifteen to twenty degrees below experiment. Clearly, a more thorough
invetigation was necessary if required temperature determination accu-

racies of one degree Kelvin were to be reached.

The TRW theoretical model discussed here is a complete geometrical-
optics description of angular emissivity and electromagnetic scattering
from randomly rough surfaces. That is, there is a basic restriction that
the wavelength of interest be small compared with the characteristic scale
lengths of the 1 .ndom process representing the surface, but the effects of
surface shadowing and multiple scatter are included.4' > Both effects are
absent in the Stogryn calculation, as well as in any analysis based on the
physical-optics approximation. The neglect of shadowing results in an
over-estimat- of the effective surface area for scattering, and a shadow-
corrected the ,ry is a necessity if meaningful results are to be obtained
for large observation angles (e.g., the Stogryn theory predicts negative
brightness temperatures for large angles). The contribution to the scat-
tering pattern due to multiple-scatter effects increases with increasing
rms slope of the surface, and, dependent on polarization and angle of
incidence, double scatter can be important even for relatively smooth
surfaces. An additional feature of the TRW model is the temperature
contribution due to a wind-driven spray layer just above the surface. The
spray layer will modify, by absorption and emission, the intensity of

radiation incident on, and scattered by, the sea surface. The TRW model
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for brightness temperature of a two dimensional randomly rough surface
has been programmed for the special case of a one-dimensional random
rough surface (cylindrical symmetry), with the flexibility for parametric
variations in frequency, polarization, observation angle, surface rms
slope, water temperature, salinity, atmospheric water-vapor density,
and sea-spray densities. The program has been run for a variety of
combinations of these parameters and compared with experimental data.

The results of these investigations are summarized below.



II. SUMMARY

1) The existing theories of high-frequency rough-surface scattering and
emission are limited in their validity to slightly rough surfaces and a re-
stricted range of scattering angles. They are internally inconsistent
(non-energy-conserving) because of the neglect of rough-surface shadowing
and multiple ~scatter effects, and their application to the ocean for real-
istic conditions can lead to not only inaccurate but even physically mean-

ingless results.

2) A theory of shadowing of a randomly rough cylindrical surface was
developed at TRW. Its generalized to a two-dimensionally rough surface,
a geometrical optics theory of multiple scatter of electromagnetic
radiation and the application of the more general scattering theory to the
development of an improved theory of emissivity have all been accom-
plished at TRW. The new scattering and emission theories have been
tested for the special case of cylindrical roughness and, in contrast to

the existing theories, have been shown to be internally consistent (energy-
conserving) and to Le applicable to the sea under realistic sea and

observation conditions.

3) A theorem was proved which established the existence, and method for
calculation, of both upper and lower bounds to the true rough-surface
emissivity., Thus the new theory provides not only a more accurate cal-
culation of the emission temperature at high frequencies but also a means
of calculating the maximum deviation of the computed value from the exact
value of the emission temperature. In contrast, if the existing emission
theories are used, not even rough estimates of the accuracy of the cal-

culated values are possible.

4) The TRW model has been further extended to include the effects of a
wind-driven spray layer on the observed brightness temperature. The
spray model is an integral part of the theory and describes, via the
radiative transfer equation, microwave emission by the layer as well
as the attenuation of all radiation incident on, emitted from, and

scattered by, the underlying sea surface.



5) To test the theory, sample calculations of sea brightness temperature
were run for a one-dimensional surface roughness model. Based on the
test calculations, the following conclusions were established:
a) Except for calm seas and near-normal observation angles,
the effects of surface shadowing and multiple scatter are

extremely important; their neglect can result in errors far
exceeding the tolerable limits.

b) The upper bound to the exact emission temperature differs
from the lower bound by a very small amount. Thus use
of the new theory will permit highly accurate calculation
of the effect of surface roughness on sea brightness
temperature.

c) The presence, at higher wind speeds> :.f a near-surface

spray layer can substantially increase the observed bright-

ness temperature; thus the inclusion of a spray layer as

an integral part of the theory is a necessary requirement

for a realistic sea brightness temperature model. Too

little data exists, at present, on the physical properties of

foam to warrant the development of a true theory of foam

emissivity., Experimental evidence does indicate, however,

that the contributions of foam to the brightness temperature

can be significant. Thus semiempirical corrections, at

least, are also required for a complete model.
6) The predictions of the complete one-dimensional geometric-optics
model were compared with recent experimental measurements of bright-
ness temperature over very rough seas. It was found that an excellent
fit to the data (to within ~1°K) could be obtained for all angles, using
physically reasonable values for those parameters (spray density, foam
emissivity) for which no ground truth is available. Estimates of the
theoretical brightness temperatures expected from the proposed complete
two-dimensional roughness model indicate that an equally good f{it to tke
data will bc obtained using somewhat different, but still physically rea-
sonable, values for the spray density and foam emissivity, The same
experimental data was also compared with the predictions of the geometri-
cal optics model of Stogryn and the ''physical optics' model of Ulaby and
Fung. The former disagreed with the data by ~30°K and the latter by

~40°K.

7) The development of a theory of double scatter on a two-dimensional
randomly rough surface now permits the calculation of depolarization

cross sections in high-frequency radar backscatter., The expected
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sensitivity to surface roughness suggests depolarization measurements

as a possible experimental technique for sea state measurement.



III. STATUS OF THEORIES AND COMPARISON WITH EXPERIMENT

The three figures in this section show the comparison between
measured sea brightness temperatures and the values predicted by the
three existing theories of sea brightness temperatures. The experi-
mental values shown on the graphs were recently reported by Nordberg,
Conaway, Ross, and Wilheit, in '"Measurements of Microwave Emission
from a Foam Covered, Wind Driven Sea,'" October, 1970 (NASA Godda-d
preprint, submitted for publication to the Journal of Atmospheric
Sciences). The measurements were taken over the North Sea and
North Atlantic at 19.35 GHz using horizontal polarization; the reported
data represents true brightness temperatures, with radiometer antenna
characteristics fully accounted for. It was also stated that an absolute
calibration correction requires all brightness temperature values quoted
in the report to be increased by 10-15°C; accordingly, the "experimental"
curve on the accompanying graphs is exactly that reported by Nordberg
(Figure 3, case F, of the referenced document) but with the brightness
temperature values incremented by +15°C. Case F represents low alti-
tude observations over a very rough sea. The high wind speed (25 meters/
sec) at the time of observation produced extensive '"white water, ' as
indicated by visual and photographic observation. The splash or foam
created in the breaking of the waves is picked up by the wind and carried
through the air, producing the large amount of white-water streaking
observed at the time of measurement. The water carried by the wind is
expected to be in two forms — a high density of individual water droplets,
producing a heavy spray layer, and '"chunks' of foam torn off the tops of
breaking waves. If this expectation is correct the total amount of foam
contributing to the observed brightness temperature will be somewhat
larger than the amount attributed to whitecaps (five percent area cover-
age); the balance of the total white water 37 per nt total area coverage)
is then in the form of spray. The measurements established a bright-
ness temperature of 220°K (corrected to 235°K) for the white water.
Clearly, a theoretical model for sea brightness temperature must ex-
plicitly account not only for surface roughness but for spray and foam

as well,



In Figure 1, we show the brightness temperatures predicted by the
Stogryn model (Trans, IEEE, AP-15, 278 (1967)) for a 25 m/sec wind,
assuming the Cox and Munk relation between wind speed and surface
roughness remains valid at this wind speed. The agreement with experi-
ment is poor. At nadir (00) the theoretical brightness temperature (TB)
is too small; this is due principally to the neglect of both foam and spray
in the model. For angles between 0 and 60 degrees the curve is much
too flat; this may be shown to be the result of neglecting multiple scatter
in the theory. Finally, at angles greater than 60 degrees the very steep
drop in the theoretical curve is due to the neglect of rough surface

shadowing effects.

In Figure 2, the brightness temperatures predicted by an emis-
sivity model proposed by Ulaby and Fung (SWIEEECO Record of Technical
Papers, p. 436, 1970) is compared with the NASA experiment. The
parameter, Co’ which characterizes the surface roughness in this model
was given the value of 81 to correspond to a 25 m/sec wind speed and a
frequency of 19.35 HGz. The model includes neither spray nor foam. At
nadir, the model predicts results which are in error by over 49°C (had
foam and spray contributions been included, as they must, the error would
be considerably larger). The multiplicative "antenna efficiency'" factor,

K (K £ 1), defined in the referenced paper, must be set equal to unity to
compare with the measured values, since the data have reportedly already
been corrected for the antenna characteristics. In the middle range of
angles, the slope of the theoretical curve is approximately double that of
the experimental curve. The increase in brightness temperature beyond

6 = 70 degrees is due to refelected sky radiation, the rate of increase
indicating nearly specular reflection — a rather peculiar result considering
the extreme rcughness of the surface. In addition to the extremely poor
agreement with experiment, this model has no sound theoretical basis;

the method of derivation (described by Fung and Chan, IEEE Trans.,
Peake, and Peake and Barrick (IEEE Trans., AP-18, 716-725, 1970).
Furthermore, some years ago we investigated an almost identical model
and concluded that the inconsistencies in the theory were sufficiently
serio.s as to render it totally useless for the precise description required

to interpret data in terms of the physical properties of the sea.
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Figure 1. Comparison of experiment with theory of Stogryn for a

frequency of 19.35 GHz, horizontal polarization, and wind
speed of 25 m/sec
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In Figure 3, the same NASA Goddard data is compared with the
values predicted by the model of Wagner and Lynch. The model is based
on a theory of surface roughness effects which inc'-.des both rough-sur-
face shadowing and multiple-scatter effects for a cylindrical roughness
model; the attenuative and emissive properties of a wind-driven spray
layer are an integral part of the model. The theoretical curve shown in
Figure 3 was based on numerical results computed some time ago for a
set of values of surface roughness, water and spray temperatures, and
atmospheric temperatures and hurnidities. The parameters used in the
computations do not coincide precisely with the ground truth values pro-
vided by Nordberg, et al. In this sense the theoretical curve does not
represent a ''best fit'' to the data. The actual parameters used in the
theoretical curve of Figure 3 are as follows: frequency = 19.35 GHz,
horizontal polarizaticn, water temperature = spray temperature = 283°K,
sea level atmospheric water vapor density of 8 g/m3, air temperature of
2900, and foam brightness temperature of 235°K. An rms surface slope
equal to tan20° was used which, for a cylindrical roughness model,
curresponds to a wind speed of approximately 25 m/sec. An attenuation
coefficient through the spray layer of 0.17 db is assumed, corresponding,
at this frequency, to an average spray rate of 4.5 inches of water per
hour over a layer 10 meters thick (or 2.25 inches per hour in a 20 meter
thick laver, etc.). In other words, if a rain gauge were positioned hori-
zontally anywhere within 10 meters from the mean surface it would
collect an average of 4.5 inches of water in one hour. No data on the
actual spray density is available but judging from the heavy streaking
visible in the photographic measurements the spray rate is evidently
quite high. The spray rate assumed in the thecretical model is believed

to be at least not unreasonable.

Finally, the contribution of foam has been included. Foam is
generated by the breaking of waves which occurs with increasing fre-
quency as the wind speed increases. The data of Nordberg, et al., show
an increase in the fraction of tne total surface ~rea covered bv whitecaps
from 0 to 7% as the wind speed increased from 5 m/sec to 13 m/sec; at
higher wind speeds this fracticr 'ien dropped to 5%. This decrease is

believed to be the rcsult, not of fewer breaking waves (which is most
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unlikely), but of the tearing off of the tops of the breaking waves by the
very high winds. Thus foam generated in the breaking process will no
longer appear as whitecaps but will be carried by the wind and contribute
to the observed streaking. Before the wind-carried foam breaks up into
water droplets to form the spray layer, it will exist for a time in bulk
form. Thus to the observed 5% foam (whitecap) coverage should rea-
sonably be added the amount of bulk foam carried along with the spray
layer. We have assumed a total of 15% area coverage, on the average,
due to foam (with the balance, 22%, of the observed white water ascribed
to water in spray droplet form). Again, the accuracy of this estimate is
not known but is believed to be not unreasonable. The angle dependence
of the emissivity of foam is not known experimentally. Optical observa-
tion of foam would indicate it to be a very diffuse, essentially Lambertian,
emitter. However, at a radiation wavelength of 1.5 cm, the bubble struc-
ture of the foam will be almost entirely smaller than a wavelength and an
emissivity characteristic ~f a less diffuse surface would be expected.
Thus, an angle dependen::e of cos # was chosen for the emissivity. Since
a single foam patch is much smaller than the radiometer beam diameter
the brightness temperature contains an additional factor of cos 8 arising
from the projection of the area of the patch in the direction of the beam,

leading to a total angle dependence of cosZO for the foam contribution.

The brightness temperature.of pure foam, taken to be 235°K
viewed at nadir, was then weighted by 0. 15 (the foam fractional area
coverage) and added to the predicted brightness temperature of the spray-
covered rough sea, weighted by 0. 85, to arrive at the theoretical curve
shown in Figure 3. The agreement with the experimental values is
excellent. The maximum deviation between theory and experiment is
about 1°C. In comparison, for observation angles between 60 = 0% and
75°, the Stogryn model is in error by as much as 30°C, while the errors
in the Ulaby and Fung model exceed 40°C.



1Iv. DETERMINATION OF SEA TEMPERATURE AND SEA STATE

Based ¢ the TRW theoretical studies, a technique for accurate
radiometric measurement of sea temperature and sea state has been
developed. The procedure, as presently formulated, requires observa-
tions at 2 frequencies, 2 angles, and a single polarization; in most

steps of the measurement process, only differences in brightness

temperatures are required, thus minimizing errors introduced by the

(highly probable) absolute calibration errors of the instrument.

Frequencies of 19 and 10 GHz (vertically polarized) and angles of
40° and 60° from the vertical are suggested; although the exact values
of these parameters are not important there are reasons for choosing
them in the general neighborhood of the values indicated. In the computer
runs made for the illustration which follows, 19.35 and 9.3 GHz were

actualiy used.

The general Procedure is as follows:

1) The vertically polarized brightness temperatures at 19.35 GHz and
9.3 GHz are measured at an angle of 60° and again at 40°%; for each
frequency the difference of the temperature, AT60,40 = T(60°) -
T(40°), is formed.

2) A ''guess'' is made of the lowest, T', and the highest, T'", water

temperatures likely to occur in the region of ocean being observed.

3) The value of AT60, 40 2t 9.3 GHz and the p: ‘r of temperatures

T', T" then determine a corresponding pair of v lues of rms surface
slope s', s'". The values of s', s' may be shown to be independent of
aﬁnospheric water vapor content and the presence of a wind-driver. spray

layer.

4) From the measurement of AT60,40 at 19.35 GHz and the two sets of
values (T!, s'), (T'", s") so far determined, one can deduce a correspon-
ding pair of values p', p' of atmospheric water vapor content (or sea
level water vapor density, in the case of a standurd atmosphere). The

values of p', p'' are also independent of the presence of a spray layer.

5) Using the 9.3 GHz measurement of either T(40°) or T(60°) and the
two sets of values (T', s', p'), (T", s'", p"), two new values of water
temperature Tw" Tw” can be determined. The smaller of these values

is then a new minimum ->nd the larger a new maximum water temperature;
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according to our numerical results they will lie much closer together
than the original estimates T', T'. If they differ by a sufficiently small
amount then the true water temperature has been determined; in addi-
tion, the surface roughness (or wind speed) and atmospheric water vagor

content are also bracketed by the values of (s', s'')and (p', p").

6) If ITw" - Tw‘l is not sufficiently small, then Tw' and Tw" are taken
to be new estimates of the minimum and maximum water temperatures,

and steps (1) through (5) are repeated.
We illustrate the method with a specific example:

1) Assume the measurement has provided the following:data:

at 19.35 GHz: = 35°K

8T g0, 40

At 9.3 GHz: = 40°K and T(40°) = 138°K

8T¢0, 40

Suppose also that, at the time of observation, the water tempem -
ture almost certainly lies between 10°C and ZOOC; i.e., T'= 283°K,
T" = 293°K.

2} From Figure 4, we see that if the water temperature is as low as
283°K then the observed temperature difference at 9.3 GHz (AT60, 40~
40°K) can result only if the rms surface slope angle is 10°. If the water
is as warm as 293°, the value AT60,40 = 40° can occur only if the rms

surface slope angle is 11°,

The dependence of the slope determination on atmospheric water
vapor, at 9.3 GHz, is illustrated in Figure 5. This shcws how one of the
curves of Figure 4 (curve b) changes for two extreme values of water
vapor density - very dry air (p = 0 g/mz) and very humid air (p = 20 g/m3).

The difference, even for these «xtreme values, is negligible.

3) The pair of values (T', s') = (28301{. 100) and the measured value
BT 40 = 35°K at 19. 35 GHz locates a point on Figure 6 through which
will pass one of the family of curves corresponding to different atmos-
pheric water vapor densities (3 are shown on the graph); this determines
the value of p'. Similarly, p'' can be determined from Figure 7 using the
pair of values (T", s8") = (293°K. 110). Actually the determination of

p's p' is better accomplished by using Figure 8 which was obtained by
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Figure 4.

50

9.3 GH:
VERTICAL POLARIZATION
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2293 DEG
= 303 DEG
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-1
TAN SRMS (NEG)

The difference ir sea brightness temperature, measured at
angles of 60 and 40 degrees from the normal, as a function
of surface roughness and water temperature for a frequency
of 9.2 GHz and vertical polarization. The surface roughness
is represented by the arctangent of the rms surface slope.
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9.3 GHz
VERTICAL POLARIZATION
TWATER = 293 DEG

a) DRY AR (p= 0 G/MY)

b) HUMID AR (p = 20 G,M?)

Ts0 DEG ~ T40 DEG

10 - - b A i
0 5 10 15 20 25
-1
TAN 'Spms (DEG)

Figure 5. The difference in sea brightness temperature, measured at
angles of 60 and 40 degrees as a function of surface rough-
ness for a water temperature of 293C%K. Curves (a) and (b)
represent the extreme cases of very dry and very humid
atmospheres and demonstrate the independence of the curves
of Figure 4 on atmospheric water vapor,

C-16



50

19.35 GHz
- VERTICAL POLARIZATION
TWATER = 283 DEG
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Figure 6. Vertically polarizea .righiness temperature differences, at
angles of 6 and 40 degrees and 19.35 GHz, as a function of
surface roughness and atmospheric water vapor density;
the temperature of the sea water is 2839K.’
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Figure 7.

Vertical polarized brightness temperature differences, at
angles of 60 and 40 degrees and 19.35 GHz, as a function of
surface roughness and atmospheric water vapor density;
the temperature of the sea water is 293K,



cross-plotting from Figures 6 and 7 and using AT6 40 = 35°K. From
Figure 8 we find p' = 16.15 g/m3 andp'" = 16.75 g/m”.

(4) Figures 9 - 14 are a set of six graphs, one for each of six values of
surface roughness, showing the relation between true and apparent water
temperature at 9.3 GHz and an observation angle of 40°. For the values
(s', p') = (10°, 16.15) one would use Figure 1l and the measured value
T(40°) = 138° K to determine the new estimate of the true water temper-
ature, Tw'; similarly, Figure 12 could be used to determine Tw" from
(s", p") = (11°, 16.75). To avoid interpolating on the families of curves
for different water vapor densities, however, it is more convenient to
use Figure 15, obtained from Figures 1l and 12 for the measured value
T(40°) = 138°K. Corresponding to (s', p') = (10°, 16.15 g/m3), (s", p") =
(II°, 16.75 g/m’), we find T_! = 287.65°K, T_' = 286.15 K, respectively.
We therefore conclude that the water temperature, surface roughness
(rms slope a:-gle), and atmospheric water vapor density have the values
T., = 280.94+ .75°K

s =10.5+0,5°

P =i6.45+ 0.30 g/m".

(5) If more accurate values of Tw’ s, and Pare desired one would re-
peat the above procedure assuming, for the new estimated minimum and

maximum water temperatures, the new values T' = 286.15°K, respectively,

Salinity of the sea water also appears accessible to unique measurement
but a lower frequency is, of course, required. The lowest frequency we
used in our numerical calculation- was 3.0 GHz; with this frequency the
principle of the measurement procedure can be established but adequate
sensitivity to salinity will require a lower frequency. The procedure is
based on our observation that the difference between the measured ap-
parent temperatﬁre at 9.3 and 3,0 GHz, measured at any convenient angle,
is essentially independent of atmospheric water vapor content, water
temperature, and surface roughness, but does depend on salinity., The
sensitivity of the difference measurement to salinity and its independence
of other environmental parameters will be investigated for the 9.3 and

1.0 GHz combination in the near future.
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Figure 8. The values of atmospheric water vapor density which, for a
given sea slope angle and a water temperature of 283 or
2939K, correspond to an observed temperature difference of
359K at angles of 60 and 40 degrees.
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9.3 GHz
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< FLAT SURFACE
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< 293k

2

—
_p= 0//10 20
283L 1 L 1
130 140 150
T (%K)
Figure 9. The relationship ! :tween apparent and true water tempera-

ture fo::'3 atmospheric water vapor densities of 0, 10,
20 g/m?, for a surface with rms slope angle of 0 degree,
and an observation angle of 40 degrees.
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o
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Figure 10, The relationship between apparent and true water temperature
for atmospheric water vapor densities of 0, 10, 20 g/m~, for
a surface with rms slope angle of 5 degrees, and an observa-
vion angle of 40 degrees.
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9.3 GHZ
i VERTICAL POLARIZATION
> © = 40 DEG
' 10 DEG SURFACE
g 293 (6) = G/M’
<
z
-
283 L g 1
130 140 150

T CK)
Figure 11. The relationship between apparent and true water temperature
for atmospheric water vapor densities of 0, 10, 20 g/m3, for
a surface with rms slope angle of 10 degrees, and an observa-
tion angle of 40 degrees.
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Figure 12. The relationship between apparent and true water temperature
for atmospheric water vapor densities of 0, 10, 20 g/m3, for
a surface with rms slope angle of 11 degrees, and an observa-
tion angle of 40 degrees.
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Figure 13. The rclationship between apparent and true water temperature

for atmospheric water vapor densities of 0, 10, 20 g/m3, for

a surface with rms slope angle of 15 degrees, and an observa-
tion angle of 40 degrees.
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Figure 14. The relationship between apparent and true water temperature
for atmospheric water vapor densities of 0, 10, 20 g/m3, for
a surface with rms slope angle of 20 degrees, and an observa-
tion angle of 40 degrees.

303
9.3 GHz
VERTICAL POLARIZATION
9= 40 DEG
. T40 DEG = 138 DEG
< a) 10 DEG SURFACE
& 293 b) 11 DEG SURFACE
< _
2
—
b a
I
283o 10 20

p(G/M)

Figure 15. The temperature of sea water which will produce an observed
apparent temperature of 138 'K, as a function of atmospheric
water vapor density, for sea slope angles of 10 and 11 degrees;
the observation angle is 40 degrees from the nadir.
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SPACECRAFT POINTING REQUIREMENTS

Since several candidate sensors utilize crosstrack line scanning combined
with the spacecraft forward velocity to form a strip map image, the
effects of spacecraft attitude controi must be considered. It is assumed
that absoiute spacecraft attitude is accurately known from on-board
references so that spatial elements can be repositioned during ground
reconstruction of the image to remove distortions. Attitude reference
accuracy requirements are dependent on spatial resolution and the
tolerable distortions for the specific application. It is much easier to
measure attitude errors and remove them from the data than attempt to
precisely point the spacecraft. It is, however, important to have
complete coverage such that a spatially small object or phenomena is not
lost. Increasing overlap requires improved sensor performance over
the nominal spatial resolution and increases data rates, and therefore,
must be traded against attitude constraints. All three degrees of
freedom influence coverage. Figures 1 and 2 illustrate these effects.

It is desirable to have large limits on the amplitude as this results in
fewer correction torques and less energy expelled. Also, during an

attitude correction, imagery may be lost due to smear.
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APPENDIX E

DISCUSSION OF SYSTEM ASPECTS OF PRECISION RANGING
AND ALTIMETRY

Introduction and Summary

The requirements for precision ranging and altimetry which have been
identified in this study pertaining to the three National priorities of
Cartography, Hazards, and Fisheries require precision in the order

of 10 cm to 25 cm. In performing precision ranging from orbital al-
titudes, one requirement becomes immediately apparent. Knowledge
of the orbital ephemeris must be more accurate than the value specified

for ranging accuracy.

The Ocean Surface Relative to a2 Geoid

If the ocean were in equilibrium, with no other forces acting on it than
the earth's gravitational field, its surface would be a Geoid (an equipo-
tential surface of the earth's field, allowing for the earth's rotation).
Deviations of the surface from a geoid are due to a number of causes,

such as:

e Tides

° Global circulation (ocean currents)

e Winds (air-sea interaction)

e Atmospheric pressure
In order to determine the deviation of the surface fran a geoid, we need
a sufficiently accurate measurement both of the geoid and of the height
of the ocean surface. The determiiation of the geoid is discussed in the
next paragraph. The height of the surface would be measured by a laser

or radar altimeter. It will be necessary to determine the correction

for wave height in order to measure the mean surface level.

Orbital Considerations

The difficulty of accurately locating the altimeter in the satellite with

respect to the geoid (mean sea level) surface is a major deterrent to
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the use of satellite-borne radar or laser altimeters of 10 cm accuracy
in the near future. It is feasible to determine the distance from the
satellite to the smoothed ocean surface seen by the altimeter; however,

the translation of this information into distance of the sea surface above

(or below) the geoid surface. (This rather complicated problem requires

solving for the geopotential both at sea level and at satellite level.) The
data ultimately desired to 10 ¢m accuracy by nceanographers and solid

earth geophysicists is this height of the ocean surface above the geoid.

To resolve this problem over the long range, it has been proposed in
the NASA Williamstown Study“) that high accuracy high-to-low satellite
doppler tracking be employed. The equipotential surface at the geoid
and the satellite's position relative to it would be determined from many
continuous tracking passes over an ocean region of interest. High
(probably synchronous) satellites would be used for tracking the low
satellite carrying the altimeter. The high satellites could be accurately
located relative to the geocenter by laser or radar trackers located on
the continents (see Figure E-1). Then variations in the distance from
the tracking satellite to the altimeter satellite could be resolved into
components attributable to short-wavelength geopotential accelerations,
long term drag effects, and the predictable variations due to the well
known long-wavelength geopotential terms. The fo’lowing section from
Chapter 2 of the Williamstown Study“) describes the accuracy which might

be achieved in the next ten years from such a system,

In order to exploit the satellite altimeter measurements to the full, it
is necessary to separate the effects of variations in gravity from the
observed altitude. The only way this can be accomplished unambigu-
ously is to determine the geiod independently. Because of the enormous
number of coefficients needed to describe the geoid to this accuracy,
possibly as many as 104, it is not practical to calculate spherical har-
monic coefficients through an analysis of orbital dynamics, The number
of independent geodetic satellite orbits needed would be greater than 50,
possibly in excess of 100, Furthermore, the amplitudes of the orbital
perturbations associated with harmonics of "egree greater than 50 are

well below 0. { mm and cannot casily be obs: rved.
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The method used successfully by Muller and Sjogren(z) to obtain the
gravitational field of the front face of the moon should be applicable to
this problem. The method is to deduce the acceleration ot a satellite
irom doppler measurements, which provides a direct measure of the
component of force acting on the satellite parallel to the propagation
path. By observation of the doppler shift over a sufficient number of
orbits, it is possible to obtain a very detailed gravimetric map through

direct observation.

Assuming that variations in kinetic energy can be translated into varia-
tions in potential energy, doppler measurements with an accuracy of

0.1 mm/sec betvieen a stationary satellite and a satellite in a low orbit
will be adequate to map varia ions in the equipotential at satellite alti-
tude to 10 cm. The accuracy with which this can be translated into
geoidal variations depends on satellite altitude, the analytical techniques
available, and how long an averaging time is acceptable. We estimate
that a doppler measuring accuracy of 0. 03 to 0. 05 mm/sec for averaging
times of 10 sec will be needed to determine the geoid to an accuracy

of 10 ¢cm.

The data used by Muller and Sjogren were obtained with a two-way dop-
pler system using earth-based transmitters and receivers and a trans-
ponder in the Lunar Orbiter. The uplink frequency of 2115 MHz was
controlled by a rubidium frequency standard., The transponder multi-
plied this frequency by 240/:21, resulting in a downlink frequency of
230C MHz. The doppler shift was then obtained by beating the received
downlink signal with the rubidium standard. The accuracy of the doppler
measurements was in the neighborhood of 2 mm/sec. (3)
Using an identical system for the synchronous-to-low-altitude satellite
measurement should result in doppler-shift accuracies of at least 0.3
mmi/sec. The improvement results trom tnree factors: elimination of
tropospheric propagation effects, reduction by a factor of about 2 in
the ionospheric cffects, and reduction of the total propagation time by
a factor of 10, improving the '""coherence'' of the signal that has made

the round trip with the signal it is compared with in the receiver.
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Further improvement can be obtained by use of either a two-frequency
pair at or above 1000 and 2000 MHz or a single frequency above 20 GHz*
to eliminate i1onospheric errors. If the doppler shift were integrated over
10-sec intervals and the number of cycles were measured to a precision
of 5 nsec, which is quite reasonable, the counting error would be equi-
valent to 0. 015 mm/sec. (Errors such as this can be further reduced

by taking account of their well-defined statistical properties.) We esti-
mate such a system should produce a range-rate accuracy of 0. { mm/sec.
We believe it is possible within the time scale of the Earth Physics Pro-

gram to achieve accuracies at a level of 0. 03 mm/sec.

System Aspects

In order for the ERTS E/F satellite to meet the requirements of the
three National priorities for precision ranging and altimetry, a special
condition would have to be met. Continuous precision tracking of ERTS
E/F from one or more high altitude (i. e., synchronous crbit) satellites
would be required in order to obtain a precise measurement of the ERTS
E/F ephemeris. Tracking from ground stations is not adequate due *o

lack of continuous coverage.

Conclusion

It is unlikely that this special set of conditions will be compatible with
the ERTS E/F mission. It is therefore recommended that the function
of precision ranging and altimetry be not considered for the ERTS E/F

mission,

=':It is of interest to note that selecting a frequency above 20 GHz, which
is absorbed in the troposphere, could solve a frequency-allocation
problem, since these signals would not b¢ detected on the ground.
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APPENDIX F

NOISE CONSIDERATIONS IN SILICON DETECTOR ARRAYS

Four multispectral imaging sensors have been proposed for use in ob-
taining observations for the four national priorities of Geography/Hydro-
graphy/Cartography, Hazards, Pollution, and Fisheries. Each of

these utilizes high-density arrays of silicon detectors. A discussion

of the noise characteristics of these arrays follows.

The ultimate sensitivity of a photoconductor in terms of the minimum
radiation signal which can be detected is given by the ratio of signal

to noise in the photoconductor. {1) A general survey >f noise processes
in photoconductors as a function of frequency is given in Figure F-1,
according to Rose. (2) There are a number of different sources for
noise in a photoconductor: (1) Johnson or Nyquist noise — the funda-
mental noise present in any resistance in thermal equilibrium with

its surroundings — important only for high frequencies; (2) generation-
recombination noise — due to fluctuations in the density of free carriers
because of fluctuations in the absorption of photons, in the absorption
and emission of background radiation, and in the absorption and emis-
sion of phonons — important mainly for intermediate frequencies; and
(3) 1/f noise prominent at low frequencies — probably associated with
surfaces, barriers, ard poor contacts. In Figure F-1, the fre-
quencies f 1 fz and f3 represent the reciprocal lifetimes of trapped

charges near a barrier contact; f, is the reciprocal lifetime of photo-

4
excited carriers; f5 is the reciprocal lifetime of thermally excited car-
riers; and f6 is the reciprocal relaxation time (RC product) of the photo-

conductor.

Noise currents are random and are added as the square of each noise
generator considered separately. Low frequency noise, 1/f, has no
quantitative theory but is believed to originate detector surface, con-
tacts and configuration boundaries. Since low frequency noise decreases
with increasing frequency, the noise for silicon detectors measured
usually disappears beyond 250 cycles per second. Depending on the
conditions of background radiation, tl:;)detector is usually {/f noise

d.

F-1
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The following equation can be used to define the several noise compon-

ents, (4) 1/2

2 2 2

2 |*11 koI, ks, 4KT

1n= T + i + y, + R Af
LHE/E)C 1+,

(F-1)

where

in = total noise current, in amperes rms
kl’ kZ’ k3 = empirical constants

f = bandwidth, Hz

=
[}

cutoff frequency of generation-recombination
noise, determined by free carrier lifetime, Hz

by
1

cutoff frequency of thermally generated carriers,
determined by carrier lifetime, Hz

bias or excitation current, in amperes rms

t

photocurrent, amperes rms

= thermally generated current, ampecres rms
K = Boltzmann's constant

T = temperature, in degrees Kelvin

R

= photoconductor resistance, ohms

In the multispectral sensors configured for use in oceanographic appli-
cations in this study, optics of low f-number have been used in order to
obtain a high level of cell irradiance in order to obtain near-photon

noise limited operation of the detector arrays.

For an array having a ground resolution of 100 ft. from an orbital alti-
tude of 300 nmi, the dwell time per element will be 2. 2 msec, and each
element of the array will have an electronic bandwidth of 1/2t = 227 Hz.
Thus some contribution to the total noise current by 1/f noise may be
anticipated. In addition, some amount of noise due to electronic

switching will be present.

The specific figures for multi-element arrays using electronic intero-
gation are highly devendent upon the specific type of array which is

selected — the values being different for photodiode and phototransistor
arrays, for the photovoltaic or photoconductive mode of operation, and

also depending upon the nature of the switching electronics.

F-3



In the multispectral sensor configurations which have been presented,
performance is specified based upon photon-noise limited operation

of the arrays. The performance figures will be degraded to some ex-
tent by the additional noise effects defined above. The exact amount
of degradation will be dependent upon a detailed design study using
noise figures for the specific type of array selected. Data of this type

is at the precsent time in the classified domain.
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